Geochronology of the granite-greenstone terranes in the Murchison and Southern Cross Provinces of the Yilgarn Craton, Western Australia by Wang, Qi
THESES. SIS/LIBRARY 
R.G. MENZIES BUILDING N0.2 
Australian National University 
Canberra ACT 0200 Australia 
USE OF THESES 
This copy is supplied for purposes 
of private study and research only. 
Passages from the thesis may not be 
copied or closely paraphrased without the 
written consent of the author. 
THE AUSTRALIAN NATIONAL UNMRSllY 
Telephone: "61 2 6125 4631 
Facsimile: "61 2 6125 4063 
Email: library.theses@anu.edu.au 
GEOCHRONOLOGY OF THE GRANITE-GREENSTONE 
TERRANES IN THE MURCHISON AND SOUTHERN CROSS 
PROVINCES OF THE YILGARN CRATON, WESTERN 
AUSTRALIA 
Qi Wang 
A thesis submitted for the degree of Doctor of Philosophy of 
The Australian National University 
November, 1998 
ii 
Declaration 
This is all my work unless otherwise acknowledged 
'\\ . t,~1 
"Happy is the man 
who finds wisdom, and 
the man who 
gains understanding" 
(Proverb, 3) 
lll 
Acknowledgments 
First of all, I would like to acknowledge my supervisor, Dr Ian Campbell, who devised 
the project and provide encouragement, support and advice throughout the project. Dr 
Allen Nutman is thanked for his guidance and advice on running the SHRIMP, 
processing and interpreting the data. Professor William Compston and professor 
Malcolm McCulloch are particularly thanked for allowing access to ion-probe and 
isotope analytical facilities respectively. 
The project was financially and logistically supported by the following companies: 
BHP, Western Mining Corporation, Normandy Poseiden, Renison Goldfields and 
Pancontinental. Geologists from these companies, particularly Drs Nick Hayward, John 
Beeson, Michael Jones and Charles Wilkinson are thanked for providing material 
suitable for dating, for assistance in the field, and for helping to integrate the analytical 
data with the field observations. A collaborative study with Shuangkui Ren of North 
Limited was funded by North Limited and Delta Gold NL. The receipt of an ANU PhD 
scholarship is gratefully appreciated. 
The late Drs Robert Hill and Lasse Schi¢tte are specially acknowledged. Their pioneer 
research conducted prior to the commencement of my PhD greatly benefited this 
project. Drs Robert Pidgeon, Jack Hallberg and J. Goldsworthy are thanked for 
allowing me to access to their manuscripts and to use of their unpublished data. I have 
also benefited from discussions with Drs Robert Loucks, William Compston, Paul 
Sylvester, Vickie Bennett, Malcolm Sambridge, Rod Page, Lance Black, and Shen-Su 
Sun. 
I am indebted to many people in RSES, both within and outside the Ore Genesis Group 
for their technical assistance. These are Dr Allen Nutman, Dr David Compston, Dr 
Michael Wingate, Mrs Jan Bitmead, Dr Trevor Ireland, Dr Ian Williams and Mr Ben 
Jenkins (ion-probing); Dr Malcolm Sambridge (Mix program); Dr Graham Mortimer 
and Mrs Gael Watson (isotope lab); Mr Richard Rudowski, Mr John Mya, Mr Shane 
Paxton (mineral separation); Mr Keith Massey (thin section); Mr Ross Wylde-Browne 
(photography etc.); Ms Barbara Fairchild (microscope etc.); Ms Penny Fenley and Ms 
Samantha Jackson (library). 
I would like to thank my fellow PhD students with whom I enjoyed life in the past few 
years during my study at RSES. They are the late Cao Lu, Jennifer Kong, Cheng Tong, 
iv 
Chi Ma, Liejun Wang, Benhua Tan and Yinghuai Xu, who came from either side of the 
Taiwan Strait; Michael Wingate, Sue Keay and Keith Sircombe and Paul Hoskin, who 
were also ion-probers; and Majid Ghaderi and Bruce Rohrlach, my office mates. 
I am indebted to my wife Bei Dong and my extended family for their support and 
encouragement that provided me with continuous motivation and enthusiasm to finish 
this work. This thesis is dedicated to my parents. 
v 
Abstract 
The Archaean Yilgarn Craton of Western Australia consists of a high-grade gneiss 
terrain (Western Gneiss Terrain) and three granite-greenstone provinces: the 
Murchison, Southern Cross and Eastern Goldfields Provinces. Most of the previous 
geochronological studies were conducted in the Eastern Goldfields Province, 
particularly in the Norseman-Kalgoorlie region, and in the northern part of the Western 
Gneiss Terrain (i.e. Narryer Gneiss Complex). The remaining parts of the Yilgarn 
Craton are less well dated. Due, in part, to the lack of precise and accurate 
geochronological data, the origin and evolution of the craton is still controversial. 
This study focuses primarily on the granite-greenstone terrains of the Yilgarn Craton, in 
particular those of the Murchison and Southern Cross Provinces. U-Pb zircon 
geochronology was carried out using the Sensitive High Resolution Ion Microprobe 
(SHRIMP). Sm-Nd isotopic systematics of selected granitoids were also determined to 
trace their source and the timing of separation from the mantle. These investigations 
provide geochronological constraints on the timing of formation of the supracrustal 
rocks and emplacem~nt of granitoids, as well as information about the underlying 
basement in the studied areas. The data are used to test the stratigraphic subdivision 
schemes for the Murchison Province, to determine stratigraphic positions of the Gum 
Creek and Lake Johnston greenstone belts in the Southern Cross Province, and to 
discuss the spatial and temporal distributions of the volcanic and plutonic episodes and 
timing of mineralisation. 
The late Archaean granite-greenstone terrains of the Yilgarn Craton developed during 
three distinct thermal events at ca. 3.0-2.90 Ga, ca. 2.8 Ga and ca. 2.76-2.60 Ga. There 
are two major volcanic and plutonic episodes in the Yilgarn Craton. Volcanic rocks 
formed between ca. 3.0-2.90 Ga and ca. 2.76-2.70 Ga, and plutonic rocks between ca. 
3.0-2.90 and ca. 2.76-2.60 Ga. The ca. 2.8 Ga volcanic event is spatially and temporally 
restricted and is not accompanied by synvolcanic plutonism of the same age. 
Geochronological comparison across the Yilgarn Craton indicates that the granite-
greenstone terrains have shared a common evolutionary history since at least ca. 3.0 Ga 
and that the gneiss terrain in the western Yilgarn Craton was not brought in tectonic 
contact with the granite-greenstone terrains (e.g. the Murchison Province) until ca. 
2.70-2.60 Ga when cratonisation occurred. 
Xenocrystic zircons record, not only the three thermal events in the lower crust noted 
above, but also provide useful information about the age of the basement to the granite-
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greenstone terrains. The presence of ca. 3.0-3.9 Ga xenocrysts, combined with evidence 
from geophysical and Pb and Sm-Nd isotopic data, imply that all granite-greenstone 
terrains in the Yilgarn Craton formed above, or at least in association with, a pre-
existing continental crust. 
In the Murchison Province, two greenstone sequences, the ca. 3.0 Ga Luke Creek and 
the ca. 2.8 Ga Mount Farmer Groups had been previously proposed. However, the 
results of this study, in combination with previous geochronology, reveal that three 
greenstone sequences were developed in this province during separate volcanic 
episodes at ca. 3.0-2.93 Ga, ca. 2.8, and ca. 2.76-2.70 Ga. The Mount Farmer Group is 
shown to be ca. 2.7 Ga, not ca. 2.8 Ga as had previously been thought. The present 
study provides evidence for the existence of a third province-wide greenstone 
succession at ca. 2.8 Ga, which lies unconformably between the other two sequences. 
This observation indicates that the ca. 2.8 Ga stratigraphic unit cannot be the uppermost 
component of the Luke Creek Group as formerly suggested. The new results support 
the newly proposed, informal, process-based stratigraphic classification for the northern 
part of the province (Hallberg et al., personal communication, 1997; see also Pidgeon 
and Hallberg, in press). 
Most granitoids in the Murchison Province were emplaced between ca. 2.76 and 2.60 
Ga. Intrusion of the oldest external recrystallised monzogranites, which occupy large 
areas surrounding the greenstone belts, and the oldest small to medium-sized internal 
plutons that truncate the greenstones and tectonic features associated with folding, 
commenced at ca. 2.76 Ga. These intrusions are synchronous with the onset of 
deposition of the youngest greenstone sequence in the province, indicating that they 
developed in a single thermal-magmatic event. No consistent geochronologic 
relationship was found between regional and internal plutons and between the ages and 
sizes of granitoids, although the oldest plutons tend to be small. Similarly, no 
correlation was found between the degree of deformation and the timing of intrusion. It 
is apparent that field-based observations at isolated outcrops cannot be used to predict 
the relative order of granitoid emplacement. 
The ca. 2.7 Ga ages obtained for the Gum Creek greenstone belt do not support the 
previous suggestion that the greenstones from this belt can be correlated with the ca. 
2.93-3.0 Ga sequence found in the Murchison Province, and with the lower sequence of 
similar age recognised in the Southern Cross Province. The studied rock units 
apparently belong to the ca. 2.7 Ga upper greenstone sequence in the Southern Cross 
Province, which is broadly synchronous with the youngest greenstone sequence 
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developed in the Murchison Province. The Lake Johnston greenstone belt has an age of 
ca. 2.9 Ga, and thus forms part of the lower sequence of the Southern Cross Province. 
Ages determined for the granitoids in the Gum Creek greenstone belt are between ca. 
2638-2722 Ma, similar to those dated elsewhere within the Southern Cross and 
Murchison Provinces. 
Most Nd model ages for the studied granitoids lie between ca. 2.93 and 3.10 Ga, which 
are typically a few hundreds of million years older than their emplacement ages, but are 
similar to, or slightly older than, the oldest (ca. 2.91-2.94 Ga) xenocrysts in these 
samples and the oldest (ca. 2.93-2.98 Ga) greenstone sequence in the Murchison 
Province. The results suggest that the crustal rocks, with an average age of 2.93-2.98 
Ga, are the main sources of the granitoids. The time interval between ca. 2.98 and 3.0 
Ga appears to be a major period of crustal formation in the Murchison Province. 
Although the data imply different sources for the various granitoid suites in the 
Murchison Province, the voluminous regional and the main suite of the internal plutons, 
appear to have been derived from the same, or isotopically similar, source regions. 
The stratabound volcanic massive sulphide mineralisation at Golden Grove in the 
Murchison Province is constrained to have formed between 2953± 7 and 2945±4 Ma, 
predating similar mineralisation in the Eastern Goldfields Province by about 250 
million years. The formation of komatiites and associated Ni mineralisation at the 
Maggie Hays nickel prospect in the Lake Johnston greenstone belt, is constrained to lie 
between 2921±4 and 2903±5 Ma, about 200 million years before their counterparts in 
the adjacent Eastern Goldfields Province. 
Samples from the Kanowna Belle mine ( - 20 km northeast of Kalgoorlie in the Eastern 
Goldfields Province), which is the first discovery of a major gold deposit hosted by 
felsic porphyry in the Yilgarn Craton, were dated in order to constrain the two stages of 
mineralisation identified by petrographic, fluid inclusion, and stable isotope studies. 
The early stage of mineralisation has an age of 2695±4 Ma, which is ca. 60 million 
years older than the accepted age of 2630± 10 Ma for the main gold forming event in the 
Yilgarn Craton, making it the oldest recorded gold mineralisation event in the region. 
Younger events occurred between ca. 2630 and 2650 Ma, broadly synchronous with the 
principal period of gold mineralisation in the region. These results, combined with 
existing data, indicate that significant gold mineralisation occurred over at least 90, and 
possibly as much as 130 million years, in the Yilgarn Craton. 
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INTRODUCTION 
1. INTRODUCTION 
The Yilgarn Craton (Gee, 1979; Gee et al. 1981) in southwestern Australia (Fig. 1.1), 
which consists of generally poorly-exposed Early to Late Archaean rocks, is one of the 
largest segments of Archaean crust in the world. It is separated from the Phanerozoic 
sediments of the Perth Basin and Proterozoic basement rocks to the west by the Darling 
Fault, is bounded by Proterozoic mobile belts on its south and northwest margins, by 
Phanerozoic sediments to the east, and is unconformably overlain by Proterozoic 
sediments to the northeast (Gee, 1979; Gee et al., 1981; Myers, 1990). 
On the basis of contrasting tectonic styles and lithologic associations, Gee et al. ( 1981) 
subdivided the Yilgarn Craton into the Western Gneiss Terrain to the west, which 
consists dominantly ca. 3.8 to 2.6 Ga high-grade gneisses, and three ca. 3.0 to 2.6 Ga 
low-grade granite-greenstone subprovinces which, from west to east, are the 
Murchison, Southern Cross and Eastern Goldfields Provinces (Fig. 1.1). Although new 
subdivisions of the Yilgarn Craton have been suggested by Myers (1990, 1992, 1993, 
1995, 1997), they have not been widely accepted, and are not supported by recent 
studies (e.g. Champion et al., 1997). In this study, Gee et al.'s (1981) scheme is 
adopted. 
Like many other Archaean granite-greenstone terrains (e.g. Superior Province in 
Canada), the greenstone belts in the Yilgarn Craton contain important mineral deposits, 
particularly, shear-hosted gold deposits, komatiite-hosted nickel sulphide deposits and 
massive base-metal sulphide deposits. Among the three granite-greenstone provinces, 
the Eastern Goldfields is the most metalliferous, especially in the Norseman-Kalgoorlie 
area (Fig. 1.1). In contrast, the Western Gneiss Terrain appears poorly mineralised 
(Solomon et al., 1994). 
Precise and accurate geochronology has become an essential tool in modern Archaean 
studies, both for correlation purposes, and for understanding the crustal evolution of 
Archaean terrains. It is particularly important in studying the Yilgarn Craton where 
rocks are generally poorly exposed, metamorphosed and deformed. In spite of a great 
deal of geological and geochronologic work carried out in the Yilgarn, the origin and 
evolution of parts of this craton remains controversial. Questions such as the 
relationship between granitoids and greenstones, the original tectonic setting of the 
greenstone belts, the tectonic and stratigraphic relationship between the greenstone belts 
of the three granite-greenstone provinces, and whether the gold mineralisation occurred 
in a single hydrothermal event, or in multiple episodes remain open. 
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Fig. 1.1 Sketch map of the geology of the Yilgarn Craton of Western Australia. The subdivisions and 
their boundaries are those of Gee et al. ( 1981 ). 
Among the three granite-greenstone provinces of the Yilgarn Craton, the Eastern 
Goldfields Province, especially the Norseman-Kalgoorlie region, is the best studied. By 
comparison, there is less information on the greenstone belts and granitoids in the 
Murchison and Southern Cross Provinces. This hinders the understanding of crustal 
evolution in these provinces and hence the Yilgarn Craton as a whole. 
Six major crustal components have been proposed by Watkins and Hickman ( 1990a, b) 
for the Murchison Province: two supracrustal sequences of the ca. 3.0 Ga Luke Creek 
and the ca. 2.8 Ga Mount Farmer Group, and four suites of granitoid intrusions 
emplaced between ca. 2.92 Ga and 2.6 Ga. These authors presented a formal 
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stratigraphic subdivision for the supracrustal rocks of the Murchison Supergroup, and a 
model of crustal evolution for the province. However, it is largely interpretative, being 
based on the correlation of lithological associations and the relative superposition of the 
greenstones, without sufficient geochronological support. The stratigraphy of the 
Murchison Supergroup proposed by Watkins and Hickman (1990a, b) has been 
challenged by recent geochronology studies (e.g. Schi¢tte and Campbell, 1995; Pidgeon 
and Hallberg, in press). Problems have been found in the correlation of greenstone 
successions within the province and the relationship between the supracrustal rocks and 
the associated granitoids. Hallberg et al. (personal communication, 1997) proposed an 
alternative process-based stratigraphic classification for the northern part of the 
Murchison Province on the basis of lithological assemblages (Hallberg 1990, 1991 a, 
1991b, 1992, 1993, 1994 and personal communication, 1997), supported by some 
precise geochronology. This stratigraphic subdivision is briefly summarised in Pidgeon 
and Hallberg's paper, which is in press in the Australian Journal of Earth Sciences. 
The limited previous geochronology that has been carried out in the Southern Cross 
Province is mainly confined in the central part and the southern end of the province. 
Beeson et al. (1993) attempted to correlate the supracrustal successions in the northern 
end of the Southern Cross Province (i.e. the Gum Creek greenstone belt; Fig. 1.1) with 
the two greenstone sequences proposed for this province (Griffin, 1990), and with those 
suggested for the Murchison Province by Watkins and Hickman (1990a. b). The Beeson 
correlation has not been tested by geochronology. 
This thesis reports the results of a predominantly SHRIMP (Sensitive High Resolution 
Ion MicroProbe; Clement et al., 1977; Compston et al., 1982) U-Pb zircon 
chronological investigation of the supracrustal rocks and granitoids in the Murchison 
and Southern Cross Provinces. It is supported by a Sm-Nd isotopic study of granitoid 
samples from the two provinces. The focus of the study in the Murchison Province is 
the Meekatharra area (Fig. 1.1) in the Meekatharra-Wydgee greenstone belt, where 
several of the type areas of the Murchison Supergroup formations, defined by Watkins 
and Hickman (l 990a, b ), are located. Additional samples have also been dated from the 
Wattagee Hill and Mount Magnet regions in the Meekatharra-Wydgee greenstone belt, 
and from the Abbotts, Weld Range, Dalgaranga and Y algoo-Singleton greens tone belts. 
In the Southern Cross Province, the greenstone belts studied are the Gum Creek belt 
located at the northern end of the province, and the Lake Johnston belt at the 
southeastern end (Fig. 1.1). The geology of the studied areas is based on the results of 
1 :250,000 field mapping conducted by the Geological Survey of Western Australia, and 
the summaries given by Watkins and Hickman (1990a, b) for the Murchison Province, 
and Beeson et al. (1993) for the Gum Creek greenstone belt. 
4 INTRODUCTION 
As a small subproject, samples from the Kanowna Belle gold mine, which is located 
about 20 km northeast of Kalgoorlie in the Eastern Goldfields Province (Fig. 1.1), were 
also dated to provide geochronological constraints on the timing of two stages of gold 
mineralisation in the deposit that had previously been identified from field 
relationships. 
The objectives of this study are: 
1. To determine the timing of the deposition of supracrustal rocks in selected 
greenstone belts in the Murchison Province to test the proposed stratigraphic 
subdivisions of Watkins and Hickman (1990a, b) and Hallberg et al. (personal 
communication, 1997; Pidgeon and Hallberg, in press). 
2. To provide geochronological constraints on the timing of granitoid 
emplacement in the Murchison Province, the average crustal residence time of 
their source rocks, and their chronological relationship with the supracrustal 
rocks. 
3. To test the proposed stratigraphic position of the greenstone successions in the 
Gum Creek greenstone belt of the Southern Cross Province, and to constrain the 
age of the komatiites at the Maggie Hays nickel prospect in the Lake Johnston 
greenstone belt and its associated nickel mineralisation. 
4. To provide geochronological constraints on the volcanic massive sulphide base 
metal mineralisation in the Murchison Province and the komatiite-hosted nickel 
mineralisation in the Southern Cross Province, as well as the two stages of gold 
mineralisation at the Kanowna Belle deposit in the Eastern Goldfields Province. 
The results of this study are combined with the precise geochronology data available in 
the literature to discuss the spatial and temporal distribution of the volcanism, 
magmatism and mineralisation across the granite-greenstone provinces in the Yilgarn 
Craton and its significance for crustal evolution. 
The thesis consists of seven chapters. Chapter 2 is a brief review of the SHRIMP U-Pb 
zircon geochronology method used in this study. Chapter 3 and 4 discuss the 
geochronology of the supracrustal rocks and granitoids of the Murchison Province 
respectively. Chapter 5 covers the Southern Cross Province. Chapter 6 reports the Sm-
Nd isotope results obtained for granitoids from these provinces. Chapter 7 is a general 
discussion. The geochronological results for the samples from the Kanowna Belle 
deposit are presented in Appendix A in a form of a paper. Sample preparation 
procedures are given in Appendix B. Appendix C presents detailed information of the 
studied samples. Appendix D gives information for the samples from which no zircons 
or baddeleyites were recovered. Papers published from this study are presented in 
Appendix E. 
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2. SHRIMP U-PB ZIRCON GEOCHRONOLOGY 
2.1 Principles of geochronology dating 
Radioactive isotopes are unstable and decay via a chain of unstable products to stable 
daughter isotopes. The rate of decay of a radioactive isotope is constant (A). The 
number of atoms ( LiN) that formed during a time interval ( ilt) is proportional to the 
number of atoms of the unstable parent isotopes ( N ). This can be expressed as: 
Integrate equation (2) we have: 
LiN 
-=-AN 
Llt 
ilN = -Ailt 
N 
lnN=-At+c 
or 
If the number of parent isotope at zero time ( t0 ) is N 0 , then c = lnN 0 and 
lnN =-At+ lnN0 
N ln-=-At 
No 
N 
_Q_ = ellt 
N 
1 N t =-ln_Q_ 
A N 
(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
After t time, the number of parent atoms that remain is N. If the number of daughter 
atoms that have been formed is D*, we have: N0 = D* + N, and equation (6) and (7) 
can be rewritten as: 
D* = N(ellt -1) (8) 
1 [ D*] t =A ln l+N (9) 
If the decay constant A is known, the age of a certain mineral or rock can therefore be 
determined by measuring the present day ratio of parent to daughter isotopes using a 
mass spectrometer. The time it takes for a radioactive isotope to decay to half of its 
original amount is called its half-life. From equation (9) it can be shown that the half 
life of an radioactive isotope is equal to ln2/ A. 
2.2 U-Th-Pb dating method 
Three uranium isotopes exist in nature: 238u, 235u and 234u, all of which are 
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radioactive. Thorium occurs primarily as radioactive isotope 232Th. The decay of 238u 
ends with 206pb as the final stable product through a series of short-lived intermediate 
daughters. Similarly, the decay of 235u produces stable 207Pb. The stable daughter 
isotope resulting from 232Th decay is 208Pb. Besides the radiogenic isotopes 206pb, 
207pb, and 208pb, Pb has one other isotope 204pb, which is not radiogenic. 
The following equations for the production of the radiogenic daughter isotopes of Pb 
can be derived from equation (9) in Section 2.1: 
206Pb=23su(e11.2381 -1) 
201Pb=23sU(e11.2351 - l) 
20sPb=232Th(eJl.i32 t - l) 
(10) 
(11) 
(12) 
At a given time (t), the 206pb content of a mineral closed to U and Pb since its 
crystallisation, is the sum of the initial 206pb [(206Pb)i] incorporated into the mineral 
at the time it crystallised and the 206pb produced by the in situ decay of 238u through 
the time interval (t). Therefore, 
(13) 
-- - -- +-- e11.2381 -1 ( 206PbJ ( 206PbJ 23su 204Pb - 204Pb . 204Pb ( ) 
I 
(14) 
The same relationship applies to 207pb and 208pb so that: 
(15) 
( 2osPbJ ( 2osPbJ 232Th -- - -- +-- ell.2321_1 204Pb - 204Pb . 204Pb ( ) 
I 
(16) 
Using equation ( 14) and providing appropriate initial Pb isotope ratios, the t206 can be 
solved as 
1 
t106 = A23s In (17) 
Similar formulas can be derived for t207 and t2Q8. Combining equations (14) and (15) 
and following equations (10) and (11), the following relationship is obtained: 
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( 207pb) ( 207pb) 
2<i4pb - 2<i4pb. 235U(eA.235t_lJ (207pb)* 
( 206pb)-(206pb)l = 238u eA.2381_1 = 206pb 
204 Pb 204 Pb . 
I 
(18) 
The present-day terrestrial 238u;235u ratio is 137.88. By measuring the present-day 
207pb/206pb ratio, the 207pb/206pb age can be calculated from equation (18). U-Pb 
system provides three independent ages; the 206pb/238u, 207pb/235u and 
207pb/206pb ages. These ages can be used to check for open system behaviour. If the 
above ages are equal, then they are regarded as 'concordant'. Otherwise, they are 
'discordant'. Concordant ages mean that the U-Pb system remain isotopically 
undisturbed, and discordant ages, the opposite. In most of the cases, the three ages are 
discordant beyond the limits of analytical error, where the 207pb/206pb age > 
207pb/235u age> 206pb/238u age. A more detail discussion of the recognition of 
isotopic disturbance is given in Section 2.7. All of the studied samples were isotopically 
disturbed to varied degrees. The most common cause of disturbance is recent Pb loss. 
Ancient Pb loss, generally Proterozoic, was observed in a limited number of samples. 
Pb gain was only detected in some zircon sites in one sample, and disturbance of U is 
not obvious. 
The decay constants recommended by Steiger and Jager (1977), which have been 
widely accepted, are used in this study. The numbers are: 'A (238u) = 1.55125x1Q-10/y, 
'A (235u) = 9.8485x1Q-10/y, 'A (232Th) = 4.9475x1Q-11/y. 
2.3 Zirconology 
Zircon (ZrSi04, H-7.5, D-4.6 to 4.7) is a widely distributed common accessory mineral 
in siliceous igneous rocks, gneiss, schists, crystalline limestones, in sedimentary rocks 
derived therefrom, and in river and beach placer deposits. It generally occurs in micron-
scale as tetragonal prisms and has various colours. Zirconium in the mineral structure is 
replaced by Hf ( 1-4% ), REE, U and Th. The substitution of small amounts of U and Th 
into the zircon structure and the non-acceptance of Pb when it crystallised makes it a 
useful mineral for age determination. Recent study by Lee et al. (1997) indicates that U-
Th-Pb isotope in pristine zircon has a closure temperature greater than 900°C, which is 
higher than the solidus temperature of many granite magmas (-750-850°C). Zircon is 
resistant to a wide variety of chemical and physical process, and thus it can remain 
isotopically closed for long periods of time. It can survive partial melting of its host 
rock and high-grade metamorphism (e.g. granulite-faces), and be preserved as inherited 
grains or nucleii for new zircon growth in granites and high-grade metamorphic rocks, 
although recrystallisation may occur (e.g. Black et al., 1986; Pidgeon, 1992). Because 
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of its stability, low solubility and durability, zircon is resistant to weathering, and thus 
can be transported over a long distance and deposited as placer. The characteristics of 
zircon mean that it can be used to date igneous crystallisation, magmatic inheritance, 
metamorphic events, and the source regions of sedimentary systems. 
2.4 Zircon microstructure 
Zircon morphology and microstructure provide important information for petrological 
and geochronological studies (e.g. Pupin 1980; Black et al., 1986; Vavra, 1990, 1993, 
1994; Pidgeon, 1992 and Hanchar and Miller, 1993). Igneous zircon commonly 
contains interior zoning, which is believed to form during its crystallisation from a 
magma by a certain process which is not well understood (Pidgeon, 1992). 
Metamorphic zircon overgrowth is generally unzoned, and forms an outer rim of an 
inherited grain or core. Progressive recrystallisation leads to the formation of 
structureless patches distributed through out, or which may appear as transitional 
replacement areas in zoned zircon (Pidgeon, 1992). Zoning patterns in complex zircons 
record the nature of both growth and intervening degradation events (Hanchar and 
Miller, 1993). The morphology and microstructure of zircons can often be used to 
distinguish grains which formed in different generations, and thus to unravel their 
complex, multi-stage growth history, as well as the origin and evolution of their parent 
rocks. Identification of zircon microstructure is therefore a critical part of zircon 
geochronology. It helps in the interpretation of complex data sets. 
Some of zircon microstructures are clearly visible with a transmitted and reflected light 
microscope. However, others are invisible or hardly visible. In these cases, 
cathodoluminescence (CL) and backscattered electron (BSE) imaging can provide more 
detail of the mineral microstructure, and thus have been widely used in zircon 
geochronology (i.e. Vavra, 1990; Hanchar and Miller, 1993; Heaman and 
LeCheminant, 1993; Nasdala et al., 1996). These images are useful as a guide in 
selecting sites for analysis, especially for identifying inherited old cores and young 
overgrowth rims, and for interpreting complex zoning patterns. In this study, photos of 
individual grains taken under both reflected and transmitted light at high magnification 
were used as a reference for dating. CL and BSE images were taken for only some 
samples that showed evidence of more than one population of ages. An example is 
given in Appendix A. The analysed sports were carefully chosen to be away from 
inclusions, radiation damage of cracks and metamict areas. 
A geological sample may contain a variety zircons of different origin. Even single 
zircon crystals may have very complicated, fine scale microstructures as mentioned 
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above. Therefore, in situ microanalytical instruments, such as CAMECA and SHRIMP 
ion microprobes, are often required to produce reliable ages. 
2.5 Design of the SHRIMP 
SHRIMP stands for the Sensitive High Resolution Ion Microprobe. The prototype of 
the SHRIMP, the SHRIMP I was designed and constructed at the Research School of 
Earth Sciences, Australian Nation University between 1974 and 1979. Its construction 
and development was primarily for in situ mineral-age determinations of geological 
samples and the measurement of isotopic anomalies in meteorites. SHRIMP I was 
designed to achieve high mass resolution at the highest possible sensitivity (Clement et 
al., 1977; Compston et al. 1982, 1983; Compston, 1994). 
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Fig. 2.1 Schematic diagram of SHRIMP I with enlarged view of the source chamber. After Ireland (1995). 
The schematic design of SHRIMP I is presented in Figure 2.1. The SHRIMP analysis 
involves bombardment of the sample surface by a high-energy 02- primary ,ion beam 
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from a hollow-cathode duoplasmatron ion source, which is located at the end of the 
primary column. The negative oxygen ion beam is generated from oxygen gas by a 400 
volt arc discharge between the Nickel cathode and the anode plate. It is extracted 
through an aperture in the anode plate by a 10 ke V accelerating potential applied to the 
extraction electrode, and then passes through a Wien filter and a series of einzel lenses 
before hitting on the sample surface at an angle of 45°. The Wien filter can select the 
primary ions (02_ in this case) according to their mass. It can also reduce hydride 
interferences by rejecting the species, particularly OH- which is the main H-bearing 
ion. The einzel lenses demagnify the primary ion beam to achieve Kohler illumination 
for producing a sharply defined sputtering spot under a uniform primary ion beam. The 
spot size, generally between 20 and 30 µm in diameter, is defined by the size of Kohler 
aperture which is selected by the operator. Bigger aperture is preferred if the nature of 
the target permits it, in order to increase the total ion beam. 
Positive secondary ions are extracted 90° to the surface of the sample by a 10 keV 
accelerating potential towards the intermediate lens and the phase-space-matching 
system. The latter system consists of three slit einzel lenses which can be steered and 
focused to maximise the beam transportation going through the entrance slit of the mass 
analyser. 
The double-focusing mass analyser of SHRIMP enables the secondary ions to be 
focused in terms of both mass and energy. It is based on a Matsuda ( 197 4) designed 
mass spectrometer, consisting of a cylindrical 85° electrostatic analyser (R=l.27m), a 
quadrupole and a 72.5° magnet sector (R=l m). The collector of SHRIMP I is fitted 
with a single collector for receiving ions in a Faraday cup or electron multiplier. A 
single collector mode is operated with ions measured as pulse counts for routine 
analysis of zircons. Measuring of different masses is achieved by the cyclical stepping 
of the magnet fields to the masses of interest. 
The large physical dimension of the analyser allows SHRIMP to achieve high 
sensitivity (Pb+ on SHRIMP I: 5-10 c/s/ppm Pb/nA) at high mass-resolution ( ~ 5000 
for U-Th-Pb analysis of zircon), which makes it possible to measure the masses of 
interest without interference. The only interference that can not be resolved are Pb 
hydrides (PbH+). At the current SHRIMP mass resolution, this interference remains a 
potential problem. Under routine operation conditions, the Pb hydride and mass 
discrimination on SHRIMP are negligible (Compston et al., 1984; Roddick and Van 
Breemen, 1994; Claoue-Long et al., 1995). Therefore, no corrections were made for Pb 
hydride or mass discrimination in this study. 
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2.6 U-Th-Pb data collection and reduction 
2.6.1 Data collection 
Prior to the start of counting, the primary ion beam was used to clean the surface of the 
analysed spot for 3 to 5 minutes. This removes common Pb from the surface, which is 
introduced during sample preparation (see Appendix A for detail of the procedures). 
Among the positive ions generated by the primary ion beam, the counting of the 
following ionic species were measured by mass spectrometry by switching the field of 
the magnet cyclically through the following mass: 196zf2o+, 204pb+, background, 
206pb+, 207pb+, 208pb+, 238u+, 248Tho+ and 254uo+. The counting periods for 
the above species in seconds are typically 2, 10, 10, 10, 40, 10, 5, 5, and 2 respectively. 
To allow the field of the magnet to move from one mass to the next, a time interval of 
few seconds (2 s to 5 s) is required between any two consecutive species. Each analysis 
consists of five or seven scans. 
As explained in the next section, a standard of known composition is required to 
calibrate the Pb/U ratios of unknown samples, as SHRIMP cannot measure the absolute 
inter-element isotope concentrations. A widely used standard in SHRIMP U-Pb zircon 
geochronology is SL13, which is a natural gem quality zircon from Sri Lanka. Its 
isotopic composition has been determined by isotope dilution thermal ionisation mass 
spectrometric (IDTIMS) analysis. The weighted mean 206pb/238u ratio of SL13, 
determined based on a set of IDTIMS data (cf. data summarised by Claoue-Long et al., 
1995), is 0.092821±0.000054 (2cr), equivalent to an age of 572.2±0.4 Ma (Claoue-Long 
et al., 1995). On this basis, 0.0928 is taken as the reference 206pb/238u value of SL13 
zircon correct to four decimal places. Comparative studies show that SHRIMP data 
obtained for SL13, Early Proterozoic and Phanerozoic zircons agree well with 
conventional U-Pb analyses (Roddick and Van Breemen, 1994; Claoue-Long et al., 
1995) and with 40 Ar/39 Ar dating (Claoue-Long et al., 1995), indicating SHRIMP 
207pb/206pb and 206pb;238pb ages are accurate. SL13 was used in this study for all 
samples to calibrate Pb/U ratio of dated zircon, and to monitor machine running 
conditions and biases during each analytical session. 
Although SL13 has been used as a standard for many years, a -2% standard deviation 
in Pb/U per analysis has recently been observed during a detailed study (Compston and 
Reinfrank, 1994). This is regarded as reflecting a real internal variability in Pb/U on a 
20 µm scale, rather than elemental discrimination induced by instrumental factors. A 
bimodal age population of 578 and 561 Ma has been identified in SL13 and this has 
been interpreted as the reason for excess scatter in the Pb/U ratio, and the two ages 
represent the crystallisation age and a later event resulting Pb redistribution respectively 
12 SHRIMP U-PB ZIRCON GEOCHRONOLOGY 
(Compston, 1996). 
Because of the above variation in SL13, a search has been undertaken for alternative 
standards. One potential new standard is QGNG. QGNG zircons are from the Lincoln 
Complex, Eyre Peninsular, South Australia (Mortimer et al., 1988). The zircons have a 
207pb/206pb age of 1850 Ma (Compston, 1996), high U and radiogenic Pb 
concentrations, low common Pb, and are almost devoid of post-crystallisation isotopic 
disturbance, making it a suitable standard. For most of the samples analysed in the 
second half of this study, QGNG was used jointly with SL13, mainly to monitor the 
207pb/206pb age of the unknowns. However, in this study, SL13 was treated as the 
principle standard for data reduction. 
2.6.2. Data reduction 
In U-Th-Pb geochronology, it is essential to separate common Pb from radiogenic Pb in 
a measured Pb isotopic composition of a sample before calculating the age. The 
common Pb in the secondary ion beam comes from three sources: 1) within the zircon 
structure, 2) post-crystallisation Pb from surrounding environment and 3) surface 
common Pb introduced during sample preparation. The surface Pb can be minimised by 
cleaning the analysed spot using the primary ion beam prior to counting as mentioned 
before. 
The common Pb correction can be achieved by either of the 204pb, 207pb and 208pb 
correction methods using the following equations: 
( 204pb) 206pb 
f = (zo4Pb)m 
206Pb 
c 
(19) 
( 201 Pb ) -( 201 Pb)* 206pb 206pb 
f = ( 207pb)m -( 207pb)* 
206pb 206pb 
c 
(20) 
( 208pb) -( 208pb)* 206pb 206pb 
f = ( 208 Pb )m -( 208 Pb )* 
206pb 206pb 
c 
(21) 
where f denotes the proportion of common 206pbc in the total measured 206pbm, e.g. 
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(22) 
The 204pb correction method depends on the measured (204pb/206pb)m ratio and the 
(204pb;206pb )c ratio selected to represent the common Pb. The other two methods 
require a knowledge of the radiogenic (207pb/206pb)* and (208pb/206pb)* ratios and 
depend upon the assumptions that the Th and U system of the zircon remain closed 
after crystallisation of the zircons. Although the 204pb peak is small compared with the 
peaks of 207pb and 208pb, which affects the precision of measured 204pb, the 204pb 
correction method is normally used, especially in cases when the assumptions required 
for the 207pb and 208pb methods are invalid or questionable. 
In this study, the 208pb correction method was made for the young 572 Ma old 
standard SL13, because of the better precision of the 208pb measurements compared 
with 204Pb. The common Pb in SL13 is low. The Pb composition of Broken Hill 
galena (204pb/206pb=0.0625, 207pb;206pb=0.9618, 208pb/206pb=2.2285) was used 
for the common lead correction when processing the analytical data of SL13. This is 
because the surface-related Pb composition founded on laboratory air filters is very 
similar to that of Broken Hill galena. For the unknown zircons, the 204pb correction 
method was applied. The common Pb composition used is that of Cumming and 
Richards (1975) at the estimate age of the rock except for samples from the Mount 
Magnet area, where the common Pb correction was made using the values for galena 
from the Morning Star Mine at the Mount Magnet (206pb;204pb=13.537, 
207pb/206pb=14.825, 208pb/204Pb=33.504; Browning et al., 1987), in order to make 
the data obtained from this study comparable to those reported by Schi¢tte and 
Campbell ( 1996). The common Pb content in most of the samples is low, thus the 
calculated ages are not sensitive to the choice of the common Pb composition. 
The measured 206pb+/238u+ overestimates the true 206pb;238u value. This is 
because most of the ionised Pb sputters from zircon as Pb+, while the majority of U 
forms uo+. However, for isotopically homogeneous zircons analysed at low sputtering 
rate, there is a correlation between 206pb+;238u+ and UO/U. The correlation has been 
refined from a linear function (Compston et al., 1984), to a quadratic function 
(Williams and Glaesson, 1987), and finally to a power law solution (Claoue-Long et al., 
1995). Under a power law, the relationship between the ionic ratios of 206pb+;238u+ 
and uo+;u+ is given by 
(23) 
The value of the factor a is determined from the results obtained for the standard zircon 
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SL13 and may vary from day to day analyses. Based on the assumption that the 
difference between the measured and real 206pb+/238u+ value of unknowns is equal to 
that of the standard, we have the following equation: 
( 206 Pb I 238 u) unknown - ( 206 Pb+ I 238 u+) unknown 
(2o6Pb/238u) - (206pb+ ;238u+) 
s tan <lard s tan <lard 
(24) 
The 206pb/238u of unknown zircon can then be determined from equation (24). 
Because the uncertainty of the 206pb/238u ratio of standard zircon SL13 is very small, 
the accuracy of c206pb/238u)unknown is predominantly dependant on the accuracy 
with which the calibration curve is known. The 207pb/235u is calculated from 
equation (25): 
207 Pb = ( 206 Pb J . ( 207 Pb J . ( 238 U J 
235 U 238 U 206 Pb 235 U (25) 
Assuming present day 238u1235u is constant with a value of 137.88. 
A linear relationship between the 232Th/238u was determined by Compston et al. 
(1984 ), and is given by 
(26) 
This relationship was then modified by Williams et al. ( 1996) as shown in the following 
equation, which was applied in this study. 
( 232Th)- ·( 232 Th0+) 238 - 0.835 238 + u uo (27) 
The empirical approach similar to that applied to 206pb/238u ratio, was also used to 
determine the absolute element abundances in zircons (Compston et al., 1984). This can 
be done from the following relationship: 
[ (UO/Zr20 )unknown] [(U /Zr )unknown] 
(UO/Zr20)standard measured - (U/Zr)standard real 
(28) 
If the Zr content of the standard and unknown zircons are equal, the U content of the 
unknowns can be obtained by 
(UO/Zr 0) U U 2 unknown 
unknown= standard· (UO/Zr O) 
2 standard 
(29) 
Recent study of Claoue-Long et al. (1995) indicates the U concentration calibration is 
also a power law curve. It follows the relationship: 
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Zr20+ =a. (uo+ )o.66 
u+ u+ 
(30) 
In the equation, a is a factor which varies form one analytical run to another and can be 
determined from the results obtained for the standard zircon SL13. Once the U 
abundance has been determined, the Th and Pb abundances can be calculated from 
206pb;238u and 232Thf238u. The uncertainty of U concentration of SL13, which is 
not less than 15% (Claoue-Long et al., 1995) controls the uncertainties of U, Th and Pb 
concentrations in the unknown zircons. 
Several factors jointly govern the uncertainties on the age of individual analyses. These 
are: 
1. the uncertainties in determining the secondary ion yields of the measured 
isotopic species as predicted by counting statistics and introduced by regression 
analysis on multiple measurements over time for each species. 
2. the uncertainties in common Pb correction which is controlled by the above 
factor, and 
3. uncertainties in determining the position of the calibration curve of the 
reference standard, which is the principle control on the accuracy of the 
measurements. 
2.6.3. Rationale used in age calculation 
Unless stated, the quoted ages in the text are weighted means of 207pb/206pb ages 
derived from the least disturbed sites in grains of the same zircon population, and the 
quoted errors are at the tcr (Fisher's t) corresponding to 95% confidence. To evaluate 
zircon populations in a complex data set, histogram, cumulative relative probability 
plots of 207pb;206pb ages and the Mix program of Sambridge and Compston (1994) 
were used. Examples of these diagrams are presented in the following section. Using an 
approach of mixture modeling (McLanchlan and Basford, 1987), the Mix program is 
aimed at detecting multi-components in a set of ages. It searches the most likely ages, 
proportions, and numbers of components by maximising the likelihood for any assumed 
numbers of components. This is particularly helpful when the existence of multi-
components in a set of data is not readily identified (for example distinctive age or 
morphology differences). However, the mixture-modelling approach of Sambridge and 
Compston ( 1994) must be used with cautious. As pointed by the authors, one should 
always attempt to estimate the minimum number of components necessary to interpret 
the distribution of age measurements to avoid over-interpret the data. Moreover, to use 
the Mix program, each analysis is required to be as precise as possible. In this study, 
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this technique was only used in the geochronology study of the Kanowna Belle gold 
deposit (cf. Appendix A), where the occurrence of two stages of gold mineralisation is 
evident in the light of field geology and mineralogical and geochemical observations. 
Morphology, cathodoluminescence (CL) images where applicable, and the composition 
of the zircons, were also used to identify different zircon populations in a given sample. 
Generally, only near concordant analyses with indistinguishable 207pb/206pb and low 
common 204pb values were included in calculation of mean ages. However, when a 
sample has few concordant analyses, the age obtained is generally interpreted as a 
minimum age, which is determined from a mutually distinguishable group of 
207pb/206pb ages, regardless of their concordancy. 
Zircons with distinctive older ages than the crystallisation age of the rock are 
interpreted as xenocrysts or detrital grains depending on their morphology, and BSE 
and CL images where available, as well as the rock type. Zircons that have younger 
ages than the crystallisation age could represent part of the main group of zircons which 
underwent early Pb loss, or new grains or rims that crystallised at younger ages. Those 
which are >100 Ma younger than the crystallisation age, are obvious outliers. When the 
age difference is marginal, the approach given by Schi¢tte and Campbell ( 1996) and 
Nelson (1997a) was adopted to identify the outliers. Obvious outliers were rejected and 
the mean and standard deviation of the age of the remaining grain calculated. Any 
analyses with 207pb/206pb age that lay more than 2cr from the mean were rejected and 
the procedures repeated until no outliers remain. 
2. 7 Diagrammatic presentation of analytical data 
The SHRIMP U-Pb zircon analytical data are summarised in tables, as well as 
presented in some diagrams, including conventional concordia plots (e.g. Wetherill, 
1956), histograms, cumulative relative probability plots and diagrams produced by the 
Mix program (Sambridge and Compston, 1994). 
The conventional concordia plots (Fig. 2.2) have been widely used. In a concordia plot, 
the two axes are the daughter/parent ratios of the two U-Pb decay scheme. The 
concordia, which is a closed-system evolution curve, is defined by solution of 
equations (10) and (11). Data points of a dated uranium-bearing mineral (for example 
zircon) fall onto the concordia (said to be concordant), if it remained closed to U and all 
of its daughters, and the Pb incorporated into the mineral at the time of its 
crystallisation is appropriately corrected. Other points are discordant and fall away 
from the concordia. Normal discordant data are the result of Pb loss or U gain or both 
at ancient time or at the present day, and plot below concordia. Data points plotting 
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Fig. 2.2 The conventional (Wetherill) concordia plot commonly used to illustrate U-Pb 
isotopic analyses of radiogenic minerals. 
above concordia are reverse discordant and are due to Pb gain or U loss. Reverse 
discordant SHRIMP data can be due to one or more of a number of causes as discussed 
by many authors (Proud et al., 1983a; Williams et al., 1984; Compston and Kroner, 
1988; Friend and Nutman, 1992; McLaren et al., 1994; Nutman et al. 1995; 
Wiedenbeck, 1995). These are listed below: 
1. Experimental error. Even if all of the analyses are concordant, a Gaussian 
distribution of the analytical results yields 5% discordant analyses (both normal 
and reverse discordant) at 2cr level. If less than 5% analyses of a sample are 
discordant, the analyses showing reverse discordance may be due to normal 
statistic variation within the population. 
2. Fine-scale (30 µm) isotopic heterogeneity of zircon crystals, which cannot be 
detected by SHRIMP. 
3. Unsupported radiogenic Pb. The zircons acquire excess radiogenic Pb from 
their immediate environment during either an ancient or recent geological event. 
4. U-Pb calibration drifting during an analytical run. If this is the case, a time-
integrated correlation should be observed between the discordancy of the standard 
and unknowns. 
5. Site-specific matrix effects relating to the microstructure of zircon crystals 
which increase the Pb secondary ion yield. Reverse discordance is introduced by 
the biases between the sputtering of 206pb+ ions relative to 238u+ ions in high 
U, damaged and low U, undamaged grains or sites. It is more efficient in the 
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former situation. 
6. The standard zircon chips are not mounted together with the unknowns, but in a 
separate plug which is inserted into a hole in the mount containing the unknown 
zircons. This can introduce systematic biases in the determination of 206pb/238u, 
and therefore in the concordancy of the unknowns. In this study, the standard and 
unknown zircons were mounted together for the majority of the samples to 
eliminate this possibility. 
Some of the above factors are internal due to the nature of zircon, and others are 
external. They may work individually or jointly to produce reverse discordancy. 
Reverse discordance at 2cr level was found in some samples. However, with rare 
exceptions, the number of reverse discordant analyses in a sample is small. 
If a homogeneous zircon population underwent a single ancient episode of Pb loss or U 
gain, the data points (open circles in Fig. 2.2) define a straight line, called discordia, 
which intersect with concordia at the age of their crystallisation and the age of a certain 
geological isotopic disturbance event, such as metamorphism or chemical weathering. If 
the zircons experienced only present day disturbance (e.g. Pb loss), the data (filled 
circles) form a straight line between the crystallisation age and the origin. If a sample 
has two undisturbed zircon populations, the data array is similar to that defined by the 
data (open circles) shown in Figure 2.2. Concordia plots can be very complex for 
samples which have several zircon populations that underwent multiple-stage isotope 
disturbances. 
Most of the analysed samples show evidence of present-day Pb loss. Ancient Pb loss, 
generally Proterozoic, was only observed in a limited number of samples. Therefore, 
the timing and nature of the events responsible for rare cases of ancient Pb loss detected 
in this study is not extensively discussed. 
Figure 2.3 is an example of a concordia plot for a studied sample (93-1000), which is a 
recrystallised biotite granite from the Gum Creek greenstone belt, Southern Cross 
Province (cf. Chapter 5 for more detail). Most data of the main zircon population are 
clustered close to concordia, and give a weighted mean 207pb/206pb age of 2682±8 
Ma. A few discordant points with >2767 Ma ages are interpreted to be xenocrysts. A 
few more strongly discordant younger data points are regarded as isotopically 
disturbed members of the main population, which lost varying amount of radiogenic Pb, 
predominantly at the present day. 
A combined histogram and cumulative relative probability plot clearly shows the 
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distribution of 207pb;206pb ages in a set of data, which is sometimes not easily 
apparent in a concordia plot. These plots are useful in helping to identify age patterns in 
a complicated sample. An example for the same granite (93-1000) is given in Figure 
2.4. The data obtained for the main population form a predominant peak at ca. 2.68 Ga. 
The few small peaks to its right represents data obtained for xenocrysts, and those to its 
left are for disturbed grains from the main zircon population. 
The plot produced by the Mix program (Sambridge and Compston, 1994) gives "best 
fit" ages for different zircon populations and their proportions, as well as the estimated 
207pb/206pb age distribution. The example shown in Figure 2.5 is plotted for 96-634, a 
felsic porphyry from the Kanowna Belle, Eastern Goldfields Province (cf. Appendix A 
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Fig. 2.5 An example of combined histogram and estimate distribution 
curve of 207pbJ206pb age produced by Mix program. 
for more detail). From the histogram, it is clear that two data points, which were 
interpreted as dating xenocrysts, have distinctive older 207pb/206pb ages. However, it 
is not clear if all of the other data represents a homogeneous population with acceptable 
scatter, or if they are a combination of two or more components. Two populations were 
identified by processing the data using the Mix program, which are shown in histogram. 
They define two distinct peaks, corresponding to the best fit ages of the two populations 
as seen in the 207pb/206pb age distribution curve. 
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3. GEOCHRONOLOGY OF SUPRACRUSTAL ROCKS IN THE 
MURCHISON PROVINCE 
3.1 Introduction 
The Murchison Province of Gee et al. ( 1981) lies near the northwestern margin of the 
Yilgarn Craton (Fig. 1.1 and 3 .1). It is in tectonic contact with the older Western Gneiss 
Terrain to the north, northwest and west (Gee et al., 1981; Myers, 1988; 1992), and is 
adjacent to the Southern Cross Province to the east. A four-component greenstone 
stratigraphy has been suggested for the province based on lithological associations, 
(lower mafic and felsic-sedimentary associations followed by upper mafic and felsic-
sedimentary associations; Hallberg, 1976a; Muhling and Low, 1977; Elias et al., 1982; 
Baxter et al., 1983; Lipple et al., 1983; Baxter and Lipple, 1985). Six major crustal 
components, two greenstone sequences and four suites of granitoids, were proposed for 
the province by Watkins and Hickman (1990a, b; Fig. 3.1), who presented a detailed 
stratigraphic scheme for the Murchison Province largely on the basis of lithology and 
relative superposition of the greenstones supported by limited geochronology. Their 
supracrustal sequence, which they called the Murchison Supergroup was subdivided 
into the Luke Creek Group and the overlying Mount Farmer Group (Fig. 3.2). This 
nomenclature has since been used as a framework for studying the Archaean crustal 
evolution of the Murchison Province (e.g. Watkins et al. 1991; Wiedenbeck and 
Watkins, 1993). However, detailed mapping and geochronology has revealed problems 
with many of the proposed correlations (Schisz>tte and Campbell, 1996; Pidgeon and 
Hallberg, in press). An informal, process-based stratigraphic classification has been 
recently proposed for the northern part of the province by Hallberg, Goldsworthy and 
Pidgeon (personal communication, 1997; see also Pidgeon and Hallberg, in press; Fig. 
3.3) on the basis of lithological assemblages from a five year mapping program 
(Hallberg 1990, 1991a, 199lb, 1992, 1993, 1994 ). However, the results of the 
extensive mapping, integrated with a large petrologicac/geochemical database, indicate 
that it is impossible to erect a meaningful stratigraphic scheme for the he northern part 
of the province (Pidgeon and Hallberg, in press). This is due to structural complexity, 
granitoid intrusions, or both. Additional geochronology is required to sort out many of 
the problems that have been identified by previous studies. 
A SHRIMP U-Pb zircon geochronology study has been carried out on the supracrustal 
rocks from selected greenstone belts from the Murchison Province to test the 
stratigraphic subdivisions made by Watkins and Hickman (1990a, b) and Hallberg et al. 
(personal communication, 1997; see also Pidgeon and Hallberg, in press). The areas 
selected were the Meekatharra-Wydgee, Abbotts, Weld Range, Dalgaranga, and 
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Yalgoo-Singleton greenstone belts (Fig. 3.1). The new data provide new insight into the 
evolution history of the Murchison Province, and make it possible to temporally 
correlate greenstone belts across the province and facilitate correlations with other 
accurately dated greenstone sequences elsewhere in the Yilgarn Craton. 
The following section gives a summary of the geology of the Murchison Province, 
based mainly on Watkins and Hickman (l 990a, b ). Details of the two proposed 
stratigraphic subdivisions are presented, followed by a brief review of the previous 
geochronology. The analytical results obtained for the supracrustal rocks are reported in 
this chapter, and are given according to the greenstone belts in which they occur. The 
interpretation of the results are discussed at the end of this chapter. The geology and the 
data obtained for the gneisses and granitoids are presented in the following chapter. 
3.2 Geology of the Murchison Province 
The geology of the Murchison Province has been summarised by Watkins and Hickman 
( 1990a, b ). These authors divided their Luke Creek Group into four formations, which 
they suggested were continuous throughout the province (Watkins and Hickman, 1990a, 
b). From the bottom to the top, these are the Murrouli Basalt, Golconda, Gabanintha 
and Windaning Formations (Fig. 3.2). The total thickness of the group is estimated to be 
10 km and it consists mainly of tholeiitic and high-Mg basalts, BIF, minor komatiites 
and felsic volcanic rocks (Fig. 3.2). In the Golden Grove area, the Gabanintha 
Formation is largely composed of calk-alkaline epiclastic rocks (Watkins and Hickman, 
1990b ). It was informally named as the Gossan Hill Group and subdivided into different 
units by Clifford et al. (1990) and Clifford (1992). This will be discussed in more detail 
in Section 3.4.5. 
The Mount Farmer Group is up to 5 km thick and consists mainly of high-Mg and 
tholeiitic basalts, felsic volcanic and sedimentary rocks (Watkins and Hickman, 1990a, 
b; Fig. 3.2). It has been subdivided into two subgroups, the Porlell and Yalgoo 
subgroups, and eight formations (Watkins and Hickman, 1990a, b; Fig. 3.1 and 3.2). 
Although the area covered by each of these formations is restricted and each is confined 
to a different greenstone belt, they were suggested to be broadly contemporaneous and 
to represent nine distinct volcanic centres and one sedimentary basin named the 
Mougooderra Formation (Watkins and Hickman, 1990b, Fig. 3.1and3.2). 
Watkins and Hickman ( 1990a, b) proposed an unconformity between the Luke Creek 
and Mount Farmer Groups based on distinctive differences in their stratigraphy and 
structure, and their relations to granitoid intrusions. The boundary between the two 
groups is not exposed, although an angular unconformity is observed between the 
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Mougooderra Formation and the underlying Windaning Formation (Fig. 3.2). However, 
geological evidence also suggest that the Mougooderra Formation may also overlie the 
Singleton Basalt (Watkins and Hickman, 1990b). Thus at present there is no definitive 
widely accepted field evidence of an unconformity between the two groups. 
Hallberg et al. (personal communication, 1997; see also Pidgeon and Hallberg, in press) 
provide a new stratigraphic subdivision scheme for the northern part of the Murchison 
Province (Fig. 3.3). It consists of five lithologic assemblages. Their Assemblage l 
consists of BIF, kornatiite, basalt, dolerite, andesite and thin layered sills and ultrarnafic 
to felsic schists. The greenstones of this assemblage underwent heterogeneous 
deformation and are distributed in a narrow corridor between Mount Magnet and 
Meekatharra (Fig. 3.3). Assemblage 1 is composed of the Golconda Formation, and part 
of the Windaning Formation near the Gabanintha mine site and the town of 
Meekatharra (compare Fig. 3.3 and 3.4). The Assemblage 2 is basically Watkins and 
Hickman's Windaning Formation (Fig. 3.3), which is an association of interbedded BIF 
and mafic intrusions. It is more widely distributed than the Assemblage 1. Assemblage 
3 consists mainly of interbedded basalt and andesite with minor komatiite and 
volcanogenic sedimentary rocks. This lithologic association is the most widespread in 
all of the five assemblages (Fig. 3.3). It make up almost all of the greenstones mapped 
as Gabanintha Formation by Watkins and Hickman north of 28°00'S within the 
Murchison Province, but also includes the Polelle Subgroup and the Mindoola 
Formation from the Mount Farmer Group (Fig. 3.1 and 3.2) of Watkins and Hickman 
(1990a, b). Assemblage 4 is composed predominantly of felsic volcanic rocks, and its 
distribution is suggested to be spatially related to major shear zones or faults. 
Greenstones of this assemblage are mainly found in the Dalgaranga greenstone belt 
(Fig. 3.3). Assemblage 5 is comprised of graphitic sedimentary rocks developed along 
major regional shear zones (Fig. 3.4). Reliable ages are only available for the 
Assemblage 4 in Dalgaranga greenstone belt and near Cue (Pidgeon and Hallberg, in 
press). 
Besides the volcanic rocks, there are mafic and ultramafic intrusions present in the 
Murchison Province. These were divided by Watkins and Hickman ( 1990b) into two 
types: concordant and subconcordant sills that intrude greenstones, and cross-cutting 
dykes, sills and plugs that intrude both greenstones and granitoids. Four suites of 
granitoids were recognised by Watkins and Hickman (1990a, b). These are the 
pegmatite-banded gneisses, recrystallised monzogranites, suite I post-folding and suite 
II post-folding granitoids. Details of these suites are given in the following chapter. 
Five deformation phases (folding, thrusting, shearing and faulting) were recognized by 
Watkins and Hickman (1990a, b; Fig. 3.1). The major structures have a dominantly 
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northeast to northwest trend and they control the outcrop pattern of the greenstones, 
which show a pronounced northeast elongation. Except for the post-folding granitoids 
and late cross-cutting dykes, all rocks in the province have undergone prehnite-
pumpellyite to granulite facies metamorphism with greenschist as the dominant facies 
(Watkins and Hickman, 1990a, b). 
3.3 Previous geochronology 
At the time when the formalised Murchison Supergroup was proposed by Watkins and 
Hickman (1990a, b), precise geochronological data were limited. Watkins and Hickman 
( 1990b) summarised the available data determined for the supracrustal rocks. Early 
dating of the Luke Creek Group was restricted to the Gabanintha Formation and almost 
all of the studied samples were from the Golden Grove region in the Y algoo-Singleton 
greenstone belt (Fig. 3.1). Most of ages available to Watkins and Hickman were mineral 
(galena and pyrite) Pb-Pb model ages and whole rock Sm-Nd isochron ages. With the 
exception of one younger conventional U-Pb zircon date of ca. 2952 Ma obtained by 
Pidgeon (1986), all others ages lie between 2976 and 3052 Ma (Table 3.1). On the basis 
of these data, an age of ca. 3.0 Ga was assigned to both the Gabanintha Formation and 
to the whole Luke Creek Group (Watkins and Hickman 1990a, b; Watkins et al. 1991; 
Wiedenbeck and Watkins 1993). Pidgeon and Wilde (1990) reported conventional U-Pb 
zircon age of 2938± 10 Ma for a rhyolite from the vicinity of Golden Grove (Fig. 3 .1, 
Table 3.1). This date was revised by Pidgeon et al. (1994) who reported eighteen 
analyses of zircon fractions from the same sample and from a dacite that gave apparent 
ages between 2957 and 2951 Ma. These data are the most reliable estimates of the age 
of the Gabanintha Formation in the Golden Grove area. Reported ca. 3020-3050 Ma Pb-
Pb model and Sm-Nd isochron dates for Golden Grove are thus ca. 50 Ma older than the 
likely true age obtained by zircon geochronology (Table 3.1). Pidgeon and Wilde 
(1990) published two discordant conventional U-Pb zircon ages of ca. 3014 and 2935±2 
Ma for felsic volcanic rocks in the Twin Peaks and Tallering greenstone belts (Fig. 3.1). 
These two greenstone belts are located to the east-southeast of the Narryer Gneiss 
Complex (Fig. 3.1), and lie within the Western Gneiss Terrain of Gee et al. (1981, Fig. 
1.1 ). However, they were considered by Watkins and Hickman ( 1990a, b) to be part of 
the Murchison Province. Two Gabanintha Formation felsic volcanic rocks in the 
southern most end of the Y algoo-Singleton greenstone belts were dated by the SHRIMP 
U-Pb zircon method at 2929±3 and 2934±6 Ma (Yeast et al., 1996). Unexpected 
younger ages between 2716±4 and 2763±6 Ma were obtained by Pidgeon and Hallberg 
(in press) for the supposed Gabanintha Formation felsic volcanic rocks from the 
Dalgaranga greenstone belt (2745±5 Ma) and for the Meekatharra-Wydgee greenstone 
belts (2716±4 to 2763±6 Ma) (Fig. 3.3). These younger ages indicate that the 
greenstones mapped as Gabanintha Formation in the Y algoo-Singleton greens tone belt 
N 
Table 3.1 Published data obtained for the supracrustal rocks in the Murchison Province 100 
Method Rock or Mineral Coordinates Location Greenstone Belt Age Inherited zircon Source 
(Ma, ±2CT) age (Ma, ±2cr) 
Gabanintha Formation 
Conventional U-Pb Felsic volcanic 28°46'S Golden Grove Y algoo-Singleton 2952 +90 none Pidgeon (1986) 
ZlfCOn ll6°57'E -37 
Pb-Pb model Galena 28°47'S Gossan Hill as above 3046±23 Browning et al. ( 1987) 
l l6°58'E 
as above Galena 28°47'S Golden Grove as above 3052±26 Browning et al. ( 1987) 
l l6°58'E 
as above Galena 28°47'S Golden Grove as above 3052±29 - Browning et al. (1987) 
l l6°58'E 
as above Pyrite Scuddles deposit as above 3020±34 Dahl et al. (l 987) 
as above Pyrite Golden Grove as above 3050±34 Dahl et al. ( 1987) ~ 
as above Pyrite Golden Grove as above 3030±34 Dahl et al. ( 1987) ~ 
as above Galena Golden Grove as above 3050±34 Dahl et al. (1987) 
g 
(;) 
a 
as above Galena Golden Grove as above ca.3050 Fletcher et al. (1984) < 
Sm-Nd isochron Ultramafic, mafic 25°2l'S Walgardy Well as above 2980±120 Fletcher et al. (1984) 
;g 
a 
and felsic l l9°40'E :s 
lithologies < ~ 
Conventional U-Pb Felsic 25°21 'S Golden Grove as above 2938±10 none Pidgeon and Wilde (1990) V:l 
zircon volcaniclastic l l9°40'E ;:: 
as above Felsic volcanic, Golden Grove as above 2951- Pidgeon et al. (1994) ,~ none i! 
volcanic las tic 2957 "' §'.. 
as above Felsic volcanic -6705602mN Orion Two as above 2929±3 none Yeast et al. (1996) 1g -515103mE deposit 
__ ! 
Table 3.1 (continued). I~ 
Method Rock or Mineral Coordinates Location Greenstone Belt Age Inherited zircon Source 
(Ma, ±2cr) age (Ma, ±2cr) 
Gabanintha Formation 
SHRIMPU-Pb Felsic volcanic -6705602mN Mt Gibson Yalgoo-Singleton 2934±6 none Yeast et al. ( 1996) 
zircon -515103mE 
Conventional U-Pb Felsic volcanic - Dalgaranga Dalgaranga 2745±5 none Pidgeon and Hallberg 
zircon (in press) 
as above Felsic volcanic 6970710mN Emily Well Meekatharra - 2761±1 none Pidgeon and Hallberg 
582575mE Wydgee (in press) 
as above Felsic volcanic 6975250mN Big Bell railway as above 2763±6 none Pidgeon and Hallberg 
583670mE crossing (in press) 
Conventional & Felsic volcanic 7020385mN Weebacarry Bore as above 2716±4 none Pidgeon and Hallberg 
SHRIMPU-Pb 606030mE (in press) 
zircon 
Pidgeon and Hallberg ~ SHRIMP U-Pb Felsic volcanic 6996975mN Gidgee Well as above 2710-2750 ca.2900 ~ zircon 586360mE (in press) g 
Conventional U-Pb Felsic volcanic 27°12'46HS W attagee Hill as above ca.2976 none Pidgeon (1986) c:;:; 
zircon ll7°51'49"E '.<: 
as above Felsic volcanic 27°12'46HS W attagee Hill as above ca. 3010 none Pidgeon (1986) ~ a 
117°51'49"E ::; 
'.<: 
as above Felsic volcanic 27°22 'OO"'S Twin Peaks Twin Peaks 3046 +45 none Pidgeon (1986) Q 
l l 7°45'50"E -31 ' J~ 
as above Felsic volcanic 21°22-ooHs Twin Peaks Twin Peaks ca.3014 none Pidgeon and Wilde (1990) 
l l9°45'15"E 
as above Felsic volcanic 28°08'S Tallering Tallering 2935±2 none Pidgeon and Wilde (1990) 
l 15°37'E 
1g 
Table 3.1 (continued). liS 
Method Rock or Mineral Coordinates Location Greenstone Belt Age Inherited zircon Reference 
(Ma, ±2cr) age (Ma, ±2cr) 
Windaning Formation 
SHRIMPU-Pb chert 28°01 'S MtMagnet Meekatharra- 2798±8 2949±11 Schh1me and Campbell 
zircon 117°50'£ Wydgee (1996) 
as above chert 28°03'S MtMagnet as above 2810±19 none Schi0tte and Campbell 
117°48'£ (1996) 
Mount Farmer Group 
Sm-Nd isochron Felsic volcanic, - -lOkmNWof Meekatharra- 2818±57 - Watkins and Hickman 
plagioclase & Polelle homestead Wydgee (1990b) 
clinopyroxene 
SHRIMPU-Pb Felsic volcanic 21°55'S Mt Magnet as above 2703±10 2805±10 Schi0tte and Campbell 
zircon 117°49'£ (1996) 
as above Felsic volcanic 28°03'S MtMagnet as above 2727±6 none Schi0tte and Campbell ~ 
117°50'£ (1996) ~ 
Conventional Felsic volcanic 6933866mN Dalgaranga Dalgaranga 2746±5 Pidgeon and Hallberg 
('] 
none e:: 
U-Pb zircon 522264mE (in press) 
as above Felsic volcanic 6930965mN Dalgaranga as above 2749±3 Pidgeon and Hallberg < none ;g 
519855mE (in press) 0 
as above Felsic volcanic 6935035mN Dalgaranga as above ca.2745 >2900 Pidgeon and Hallberg 
:::::; 
< 
525606mE (in press) Q 
as above Felsic volcanic 6936075mN Dalgaranga as above 2738±7 ca.2940 Pidgeon and Hallberg V) ::::: 
524233mE (in press) 
SHRIMPU-Pb Felsic volcanic 6936075mN Dalgaranga as above 2746±8 ca.2970 Pidgeon and Hallberg 
ZlfCOn (two samples) 524233mE ca. 3033 (in press) 
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cannot be correlated with those in the Dalgaranga greenstone belt. 
A limited number of dates have been reported for the Windaning Formation, the upper 
most formation of Watkins and Hickman's (1990a, b) Luke Creek Group. Schi!Z)tte and 
Campbell (1996) obtained SHRIMP U-Pb zircon ages of 2798±8 and 2810±19 Ma for 
the Galtee Moore and the Warramboo Cherts, which are members of the Windaning 
Formation in the Mount Magnet area (Fig. 3.1, Table 3.1). These ages are more than 
100 Ma younger than the previously mentioned conventional and SHRIMP U-Pb zircon 
ages determined for the Gabanintha Formation, and thus raise the possibility of an 
unconformity or tectonic break between the two Formations. If this is the case, the 
Windaning Formation cannot be part of the Luke Creek Group. The Windaning 
Formation has not been dated elsewhere in the province. 
The deposition age of the Mount Farmer Group was suggested to be ca. 2.8 Ga based on 
a 2818 Ma mineral and whole rock Sm-Nd isochron, which has a large uncertainty of 
±114 Ma at 2cr level. (Watkins and Hickman, 1990b). However, recent published data 
indicate that rocks assigned to this group in the Mount Magnet area have an age of ca. 
2.7 Ga. Schi!Z)tte and Campbell (1996) reported SHRIMP U-Pb zircon ages of 2727±6 
and 2703±10 Ma for two Mount Farmer Group felsic volcanic rocks. SHRIMP and 
conventional U-Pb zircon ages between 2746±5 and 2749±1 Ma have also been 
reported for five felsic tuff from the Dalgaranga Formation (Pidgeon and Hallberg, in 
press; Fig. 3.1, Table 3.1), which is a member of the Mount Farmer Group in the 
Dalgaranga greenstone belt. The available data constrain the deposition age of the 
Mount Farmer Group to be between ca. 2.76 and 2.70 Ga, at least 40 to 50 Ma younger 
than the suggested age of ca. 2.8 Ga for the underlying Windaning Formation, 
conforming the suggestion of Watkins and Hickman ( 1990a, b) that there could be an 
unconformity between the two groups. 
The published ages show a number of problems with the correlation of formation 
between the greenstone belts of the Murchison Province as proposed by Watkins and 
Hickman. The aim of this study was to resolve some of these problems in the area 
bounded by Meekatharra, Mount Magnet and Dalgaranga. 
3.4 Analytical results 
3.4.1 Meekatharra-Wydgee greenstone belt 
The Meekatharra-Wydgee greenstone belt is a N to NNE greenstone belt that stretches 
out from the SE to the NE comer of the Murchison Province, over a distance of more 
than 300 km (Fig. 3.1 ). It is the most important greens tone belt of the Province in terms 
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of both its Au production and size. The samples dated for this study are from three 
areas: Meekatharra, Wattagee Hill and Mount Magnet. 
3.4.1.1 Meekatharra area 
The town of Meekatharra (26°35'06"S, 118°29'30"E) is located in the north-eastern end 
of the Murchison Province (Fig. 3.1 ). The Meekatharra area referred here is bounded by 
latitudes 26°10'S and 27°15'S and longitudes 118°06'E and ll8°50'E (Fig. 3.4). It 
covers the northern part of the Meekatharra-Wydgee greenstone belt. 
In the Meekatharra area supracrustal rocks have been assigned to both Luke Creek and 
Mount Farmer Groups. They are surrounded by external recrystallised monzogranites 
and intruded by small- to medium-sized Suite II internal granitoids (Fig. 3.4). All of the 
five major phases of deformation recognised by Watkins and Hickman are developed in 
this area (Fig. 3.4). The backbone structure of Meekatharra region is a synform 
(Hallberg et al., 1976a, Watkins and Hickman, 1990a, b), and thus the greenstone 
sequences have been suggested to be younging outward from the centre of the syncline 
(Fig. 3.4). 
The type areas of the three lowermost lithostratigraphic formations of the Luke Creek 
Group, and the Polelle Subgroup of the Mount Farmer Group, are located within the 
studied area. The Murrouli Range (Fig. 3.4) is the type area of the Murrouli Basalt (Fig. 
3.2), which according to Watkins and Hickman (1990a, b), is the lowest greenstone 
succession in the province. Here it is a succession of mainly featureless tholeiitic 
basalts (Elias, 1982), gabbros and dolerites with minor interlayered high-Mg basalt 
interpreted to be 4400 m thick (Watkins and Hickman, 1990b). A suite-I post folding 
tonalite intruded the base of the formation, and a 450 m-thick gabbro sill intruded its 
top. The basement to the Murrouli Basalt is not exposed. The Golconda Formation (Fig. 
3.2), a succession of quartz-hematite BIF units interlayered with mafic ultramafic 
intrusive and extrusive rocks that overlies the Murrouli Basalt (Fig. 3.4 and 3.7). This 
formation is the lowest greenstone sequence on the eastern limb of the synform (Fig. 
3.4). It is overlain by the Gabanintha Formation north of Mount Yagahong (Fig. 3.4). 
The Gabanintha Formation in the type area near the Gabanintha mining centre consists 
of a sequence of ultramafic rocks overlain successively by interlayered basalts and 
felsic volcanic and volcaniclastic rocks (Watkins and Hickman, 1990b). This formation 
is inturn overlain by the Windaning Formation, which consists of predominantly 
volcanogenic sedimentary rocks, interlayered with banded iron-formation. Greenstones 
of the Windaning Formation delineate the shape of the overlying Mount Farmer Group 
(Hallberg et al., 1976a). A subgroup of the Mount Farmer Group, the Podell Subgroup 
is developed in the core of the syncline (Fig. 3.4). It comprises three components 
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which, from the bottom up are, a tholeiitic basalt unit (Lordy Basalt), an interlayered 
high-Mg and tholeiitic basalt unit (Stockyard Basalt), and the Woolgra Formation 
which consists mainly of volcaniclastic rocks and minor amounts of dacitic and 
andesitic lava (Watkins and Hickman, 1990a, b; Fig. 3.2). 
Hallberg et al. (1976a) studied volcanism and sedimentation in the Meekatharra area. 
Greenstones of the Luke Creek Group (Watkins and Hickman, 1990a, b) were simply 
referred as lower sediments, and described as a series of poorly exposed, fine-grained 
sediments with abundant BIF near the top. The overlying Mount Farmer Group was 
subdivided into four stratigraphic units: high-Mg and tholeiitic basalts, which correlate 
with the Lordy and Stockyard Basalt of Watkins and Hickman (1990a, b), and middle 
and upper sediments which were called the Woolgra Formation. 
In this study, one Golconda Formation chert (96-130) and a cherty felsic volcanic rock 
(96-119), one Gabanintha Formation volcanic meta-sediment (96-128) and three 
porphyritic volcanic rocks from the top of this formation (93-978, 93-979 and 96-125) 
and three Windaning Formation volcanic (93-975, 93-976) and volcanogenic 
sedimentary rock (93-97 4) were dated. A metadolerite (96-125) that intruded the 
Golconda Formation, a felsic porphyritic body (96-136) and a gabbro sill (96-631) that 
intruded the Gabanintha Formation were also analysed. The results given below start 
from the rocks from the Windanning Formation rarther than following the proposed 
stratigraphic order. The results given below start from the rocks from the Windanning 
Formation, rather than following the proposed stratigraphic order. The reason is that 
this formation is widespread in the Murchison Province and forms a marker horizon. 
Moreover, as discussed in the last section, the age newly determined for this formation 
is unexpected younger than it has been proposed. 
Sample 93-975 is a amygdaloidal andesite collected about 2 km west of Polelle 
homestead, from an outcrop assigned to the Windaning Formation by Watkins and 
Hickman (1990a) (Fig. 3.4). The amygdales are filled by carbonate, chlorite, quartz and 
opaque iron oxides. Both phenocrysts and matrix are strongly carbonatized and 
chloritised. The zircons extracted from this sample are light pink euhedral to subhedral 
crystals and fragments. They contain elongated cavities, patches of opaque inclusions, 
and show oscillatory to well developed internal zoning (Fig. 3.5a). These are the 
common features of the zircons from felsic volcanic rocks dated in this and other studies 
(e.g. Pidgeon, 1986; Nelson, 1997a; Pidgeon and Hallberg, in press), indicating their 
magmatic origin. Analyses were carried out on 23 sites from 22 grains. Thirteen 
concordant analyses gave an age of 2810±5 Ma, which is taken as the best estimate of 
the stratigraphic age for this sample. Seven other analyses (2.1, 8.1, 10.1, 13.1, 16.1, 
19.1, 21.1), which have higher U concentrations and younger 207pb/206pb ages, are 
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Fig. 3.5 photomicrographs (transmitted light) of representative zircons of some studied samples. The scale 
bar is about 200 µm. 
36 MURCHISON PROVINCE - Supracrustal Rocks 
interpreted as isotopically disturbed grains (Fig. 3.6a, Table 3.2). Analyses 3.1, 4.1 and 
5.1 were rejected as poor analyses due to the problem of magnet instability at the time 
of the analyses. These data are shown in neither the data table nor the concordia plot. 
93-976 is also an amygdaloidal Windaning Formation andesite collected about 1 km 
east of 93-975 (Fig. 3.4). The sample is similar to 93-975, but is darker. Zircons of this 
rock are pink, subhedral, prismatic or equant with oscillatory zoning and inclusions. 
Only a few grains were found in this sample. An age of 2815±7 Ma was obtained from 
4 concordant analyses of the clearest grain (Fig. 3.6b, Table 3.2). This age well agrees 
with the 2810±5 Ma age obtained for 93-975, and is interpreted to be the crystallisation 
age of the rock. 
A third sample of the Windaning Formation (93-974) was collected - 1.5 km south of 
140 Foot Well on the road from Meekatharra to Gabanintha (Fig. 3.4). The rock is 
cream coloured, slightly silicified shale. The zircons extracted from this sample are 
subhedral, equant or stubby, zoned and pink in colour. Fourteen analyses were carried 
out on fourteen grains. Almost all of the analysed grains contain high U, Th and 
common Pb (Table 3.2) and, as a consequence, most of the analyses are discordant (Fig. 
3.6c). The discordance patten indicates predominant recent Pb loss (Fig. 3.6c). 
Although there is no visible evidence of older zircon xenocrysts or cores, three grains 
(3.1, 5.1, 11.1) gave ages between 2890 and 2917 Ma, which is clearly older than the 
age determined for the main zircon population (Fig. 3.6c, Table 3.2). Because these 
analyses are discordant, these ages are strictly minimum ages and these xenocrysts must 
be greater than 2917 Ma. The age of 2788±30 Ma, determined from 10 analyses, most 
of which are discordant, is interpreted as the minimum age of this sample. Although the 
precision on this age is poor, it is good enough to confirm that the sample is from the 
Windaning Formation. Analysis 14.1 gives a much younger age of 2548±52 Ma (lcr) 
and was treated as outlier (Fig. 3.6c, Table 3.2). 
Sample 96-128 is a volcaniclastic rock collected - 3 km SE of Meekatharra (Fig. 3.4). 
It is a tuff that contains andesitic lithic fragments and shows graded banding. The 
zircons are euhedral, prismatic or equant and pink in colour. Most grains show 
oscillatory internal zoning and somewhat rounded edges. Results of sixteen analyses 
from twelve grains indicate they belong to a single population. An age of 2812±7 Ma 
was determined when a discordant analysis (1.2) was rejected (Fig. 3.6d, Table 3.2). 
Sample 96-631 was collected from a gabbro sill between Polelle homestead and the 
Gabanintha Mine (Fig. 3.4). The supracrustal rocks intruded by the gabbro were mapped 
as Gabanintha Formation (Watkins and Hickman, 1990b; Fig. 3.4). The sample was 
treated with HF for badde leyite extraction. No baddeleyites were found, but several 
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Table 3.2 SHRIMP U-Pb zircon data obtained for the supracrustal rocks from the Meekatharra and 
Wattage Hill areas in the Meekatharra-Wydgee greenstone belt 
Site u Th Pb f206 7/6 age Disc. 
(ppm) (ppm) (ppb) ~%2 208pbf206pb 206Pbf23Su 207Pbf23su 207 Pb/206pb (Ma)±l cr (%) 
93-975 
1.1 361 207 35 0.39 0.1518±23 0.5189±85 14.08±0.25 0.1968±12 2800±10 -4 
2.1 * 446 443 35 0.32 0.2714±17 0.5039±72 13.15±0.20 0.1892±8 2735±7 -4 
6.1 242 148 6 0.10 0.1662±20 0.5490±124 15.01±0.36 0.1983±12 2812±10 0 
6.2 161 103 4 0.08 0.1718±24 0.5498±117 14.96±0.34 0.1973±13 2804±10 1 
7.1 289 236 13 0.18 0.2285±22 0.5219±105 14.22±0.31 0.1976±12 2807±10 -4 
8.1 * 372 418 57 0.67 0.3019±44 0.4707±110 11.80±0.29 0.1818±12 2669+1 l -7 
9.1 280 239 10 0.14 0.2361±18 0.5318±123 14.50±0.35 0.1978±10 2808±8 -2 
10.1 * 482 687 163 1.72 0.3841±30 0.4017±106 8.31±0.23 0.1500±11 2347±12 -7 
11.1 226 183 16 0.27 0.2140±26 0.5290±137 14.45±0.40 0.1981±13 2810±10 -3 
12.1 316 254 58 0.81 0.2164±40 0.4735±102 12.75±0.31 0.1952±18 2787±15 -10 
13.1 * 578 568 116 0.92 0.2697±24 0.4481±87 10.58±0.22 0.1712±11 2569±10 -7 
14.l 192 95.2 2 0.03 0.1316±17 0.5476±129 14.87±0.37 0.1969±11 2801±9 0 
15. l 345 274 26 0.29 0.2149±58 0.5395±158 14.79±0.51 0.1988±30 2816±25 -1 
16.1 * 510 480 73 0.61 0.2548±19 0.4855±107 12.52±0.29 0.1870±8 2716±8 -6 
17.1 397 347 23 0.22 0.2402±18 0.5365±107 14.62±0.30 0.1977±8 2807±7 -1 
18.1 188 147 10 0.21 0.2019±30 0.5423±113 14.96±0.34 0.2000±13 2826±11 -1 
19.1 * 525 525 100 0.80 0.2673±75 0.4880±161 11.94±0.48 0.1775±33 2629±32 -3 
20.l 308 229 9 0.12 0.2032±17 0.5461±114 15.02±0.33 0.1995±10 2822±8 0 
21.1 * 522 489 72 0.53 0.2506±24 0.5324±124 13.83+0.34 0.1884±11 2728±9 1 
22.l 271 224 11 0.16 0.2246±24 0.5354±162 14.71±0.47 0.1993±12 2820±10 -2 
93-976 
2.3 131 92 8 0.23 0.1941±27 0.5581±60 15.31±0.48 0.1990±18 2818±15 2 
2.4 139 97 8 0.21 0.1879±26 0.5582±159 15.21±0.47 0.1977±17 2807±14 2 
2.5 131 88 17 0.52 0.1781±37 0.5265±156 14.43±0.47 0.1988±21 2816±17 -3 
2.7 78.8 41 3 0.13 0.1376±58 0.5846±196 16.10±0.61 0.1998±27 2824±22 5 
93-974 
l. l 116 110 108 4.28 0.0846±131 0.4347±124 11.59±0.53 0.1933±62 2770±54 -16 
2.1 419 1044 337 9.35 0.3325±138 0.1621±97 4.14±0.29 0.1850±59 2699±53 -64 
3.1 * 354 1186 427 9.34 0.1842±116 0.2437±78 6.99±0.30 0.2082±51 2891±40 -51 
4.1 230 138 54 0.90 0.1242±46 0.5360±170 14.43±0.51 0.1952±25 2786±21 0 
5.1 * 290 667 152 4.27 0.1730±98 0.2453±53 7.15±0.23 0.2114±46 2917±36 -52 
6.1 254 776 174 4.37 0.1464±92 0.3134±70 8.51±0.28 0.1970±43 2801±37 -37 
7.1 320 849 234 5.79 0.1520±149 0.2484±57 6.83±0.29 0.1994±67 2822±56 -49 
8.1 169 262 59 1.55 0.1150±85 0.4619±111 12.91±0.42 0.2027±38 2848±31 -14 
9.1 293 574 291 8.00 0.1395±111 0.2377±52 6.10±0.22 0.1862±48 2709±43 -49 
10.1 217 615 210 5.73 0.1488±104 0.3315±80 9.24±0.32 0.2021 ±45 2843±36 -35 
11.1 * 244 646 193 4.60 0.1249±257 0.3420±76 9.92±0.34 0.2102±51 2907±40 -35 
12. l 555 1458 445 8.35 0.1972±135 0.1832±36 4.84±0.18 0.1915±56 2755±49 -61 
13. l 262 798 205 5.42 0.1299±110 0.2845±85 7.54±0.31 0.1922±48 2761±42 -42 
14.1 * 439 907 477 10.3 0.2262±120 0.1981±38 4.62±0.18 0.1690±52 2548±53 -54 
96-128 
l. l 195 178 13 0.26 0.2453±38 0.5191±144 14.32±0.43 0.2000±16 2826±13 -5 
1.2* 154 132 29 0.85 0.2303±73 0.4542±209 12.60±0.66 0.2012±39 2836±32 -15 
2.1 167 111 6 0.14 0.1822±37 0.5241±146 14.49±0.45 0.2005±22 2831±18 -4 
3.1 123 74 3 0.10 0.1579±77 0.5222±179 14.21±0.61 0.1974±43 2805±36 -3 
4.1 134 83 11 0.33 0.1677±31 0.5121±124 13.80±0.36 0.1954±16 2788±13 -4 
5.1 112 60 1 0.02 0.1421±47 0.5514±142 14.87±0.45 0.1955±25 2789±21 2 
6.1 123 94 15 0.48 0.2027±52 0.5126±129 14.09±0.43 0.1994±28 2821±23 -5 
7.1 126 93 7 0.23 0.1905±40 0.5380±129 14.58±0.39 0.1965±19 2798±16 -1 
8.1 163 137 2 0.05 0.2291±24 0.5318±119 14.67±0.36 0.2000±15 2826±13 -3 
9.1 128 94 7 0.21 0.1906±42 0.5336±124 14.44±0.38 0.1963±19 2795±16 -1 
10.1 178 146 1 0.02 0.2150±30 0.5242±134 14.32±0.39 0.1981±12 2810±10 -3 
11.1 152 97 2 0.06 0.1715±21 0.5242±134 14.46±0.39 0.2000±12 2826±10 -4 
11.2 178 103 1 0.02 0.1576±11 0.5352±89 14.65±0.27 0.1985±12 2814±10 -2 
12.1 130 79 9 0.26 0.1556±29 0.5228±140 14.17±0.41 0.1966±14 2798±12 -3 
13.1 131 105 1 0.02 0.2338±70 0.5163±386 14.33±1.10 0.2013±20 2837±17 -5 
14.1 141 110 4 0.11 0.2128±17 0.5512±92 15.06±0.27 0.1981±9 2811±7 1 
96-631 
1.1 94 60 0 0.02 0.1723±28 0.5325±123 14.59±0.37 0.1988±17 2816±14 -2 
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Table 3.2 (Continued). 
Site u Th Pb f206 716 age Disc. 
(ppm) (ppm) (ppb) (%1 208pb/206pb 206Pb/23su 207rb;23su 207 Pb/206pb (Ma)±l cr (%) 
96-631 
2.1 151 82 4 0.11 0.1478±23 0.5130±112 14.08±0.34 0.1991±14 2819±12 -5 
3.1 78 44 6 0.32 0.1493±51 0.5124±125 14.00±0.40 0.1981±25 2811±20 -5 
4.1 * 293 124 24 0.66 0.1249±40 0.2569±95 7.56±0.30 0.2134±20 2932±16 -50 
5.1 177 52 4 0.10 0.0800±20 0.4824±103 13.34±0.32 0.2005±16 2830±13 -10 
6.1 78 33 0 0.02 0.1147±22 0.5471±161 14.96±0.46 0.1983±14 2813±11 0 
7.1 102 60 5 0.18 0.1610±21 0.5328±131 14.62±0.40 0.1991±17 2819±14 -2 
7.2 115 67 I 0.02 0.1614±15 0.5322±119 14.60±0.34 0.1990±11 2818±9 -2 
8.1 107 65 2 0.07 0.1643±19 0.5318±121 14.59±0.35 0.1990±1 l 2818±9 -2 
9.1 181 139 3 0.07 0.2095±19 0.5053±107 13.86±0.31 0.1990±10 2818±8 -6 
I 0.1 77 38 2 0.12 0.1418±27 0.5222±125 14.61±0.38 0.2029±17 2850±13 -5 
I I. I 96 60 3 0.12 0.1728±40 0.5249±141 14.50±0.44 0.2003±21 2829±17 -4 
12.l 139 91 4 0.12 0.1819±29 0.5091±111 14.02±0.33 0.1998±13 2824±11 -6 
13.1 * 120 38 8 0.32 0.0912±34 0.4220±105 11.70±0.32 0.2012±18 2836±15 -20 
14.1* 285 40 9 0.21 0.0436±49 0.3095±66 8.70±0.22 0.2040±24 2858±19 -39 
14.2* 259 42 19 0.43 0.0441±22 0.3565±72 9.93±0.22 0.2020±13 2842±10 -31 
93-978 
1.1 * 59 47 49 3.36 0.1587±82 0.4961±133 11.63±0.42 0.1700±36 2557±36 -44 
1.2 63 57 4 0.26 0.2410±47 0.5370±122 14.04±0.39 0.1896±25 2739±22 -3 
2.1 113 125 28 1.01 0.2892±46 0.5009±136 12.77±0.39 0.1849±19 2698±17 -2 
2.2 92 104 28 0.27 0.3040±76 0.5311±171 13.60±0.52 0.1858±32 2705±29 1 
2.3 93 85 6 0.63 0.2488±36 0.5121±98 13.24±0.30 0.1875±19 2720±17 -8 
2.4* 200 145 29 1.33 0.1798±46 0.4795±81 11.71±0.24 0.1771±18 2626±17 -13 
3.1 78 60 25 1.26 0.1939±57 0.4965±143 12.82±0.44 0.1873±29 2719±26 -2 
4.1 108 132 34 1.61 0.3129±50 0.5134±142 13.10±0.42 0.1851±26 2699±23 -4 
4.2 98 121 38 1.05 0.3248±63 0.5234±164 13.30±0.50 0.1843±32 2692±29 -7 
5.1 152 91 23 0.65 0.1611±33 0.4798±117 12.38±0.34 0.1872±19 2717±17 -6 
6.1 130 93 47 1.50 0.1916±67 0.4566±111 11.48±0.36 0.1823±30 2674±28 -2 
7.1 67 64 20 0.61 0.2540±65 0.5009±144 12.56±0.43 0.1819±29 2670±26 2 
7.2 71 67 20 1.01 0.2398±59 0.5553±169 14.15±0.51 0.1848±29 2696±26 -1 
8.1 * 186 109 24 1.22 0.1506±25 0.4450±97 11.57±0.27 0.1885±13 2729±12 -3 
9.1 * 156 55 98 4.57 0.3142±86 0.2734±114 7.27±0.35 0.1929±36 2767±31 6 
10.1 * 80 68 51 2.43 0.1980±83 0.5338±170 12.90±0.51 0.1753±35 2609±34 1 
10.2 158 99 29 0.74 0.1617±35 0.5077±90 13.29±0.37 0.1898±36 2740±32 -9 
11.1 132 82 18 0.79 0.1675±29 0.4793±131 12.48±0.37 0.1889±15 2732±13 -2 
12.1 136 25 26 0.94 0.0379±29 0.5066±126 12.99±0.35 0.1859±15 2706±13 3 
12.2 125 82 28 0.27 0.1679±37 0.4874±118 12.53±0.35 0.1864±19 2711±17 -4 
12.3 115 86 8 2.13 0.1992±32 0.5172±125 13.52±0.36 0.1896±18 2739±16 8 
13.1 * 62 41 35 0.58 0.1442±65 0.5490±130 13.39±0.42 0.1768±31 2623±29 6 
13.2* 76 52 30 1.55 0.1651±50 0.5276±109 13.18±0.34 0.1811 ±23 2663±21 2 
93-979 
1.1 * 72 68 31 1.50 0.2323±46 0.5778±167 14.42±0.46 0.1810±20 2662±18 10 
2.1 * 111 93 30 1.16 0.2214±52 0.4769±165 11.85±0.46 0.1801±24 2654±22 -5 
3.1 64 70 18 1.06 0.2777±52 0.5538±175 14.04±0.49 0.1838±22 2688±20 6 
3.2 96 126 8 0.33 0.3569±70 0.5351±163 13.94±0.48 0.1889±23 2733±21 I 
4.1 103 89 21 0.71 0.2307±34 0.5831±167 15.13±0.46 0.1881±14 2726±13 9 
4.2* 154 183 0 0.00 0.3350±21 0.5253±188 14.01±0.52 0.1934±13 2772±11 -2 
5.1 176 112 26 0.55 0.1670±20 0.5499±154 14.19±0.41 0.1872±10 2717±9 4 
6.1 124 80 19 0.55 0.1666±30 0.5732±163 14.68±0.44 0.1858±14 2705±12 8 
7.1* 210 84 24 0.52 0.1208±20 0.4514±132 10.63±0.33 0.1707±10 2565±10 -6 
8.1 * 147 105 18 0.47 0.1919±23 0.5444±148 14.30±0.41 0.1904±11 2746±10 2 
9.1 50 49 23 1.65 0.2357±67 0.5568±168 13.98±0.50 0.1821±29 2672±27 7 
9.2* 55 49 36 2.49 0.1992±73 0.5268±174 12.92±0.50 0.1778±30 2633±29 4 
10.1 71 62 8 0.43 0.2377±35 0.5516±168 14.29±0.48 0.1879±20 2724±17 4 
10.2 99 113 12 0.49 0.3198±42 0.5215±174 13.51±0.49 0.1879±18 2724±16 -I 
11.1 * 47 46 34 2.68 0.2233±72 0.5433±166 12.99±0.48 0.1734±31 2591±30 8 
12.1 53 40 26 1.83 0.1858±77 0.5591±184 14.09±0.56 0.1828±33 2679±30 7 
13.1 58 56 25 1.58 0.2487±57 0.5546±198 13.91±0.55 0.1819±24 2670±22 7 
13.2 66 70 16 0.94 0.2693+70 0.5301±181 13.65±0.53 0.1868±27 2714±24 1 
14.1 68 62 21 1.14 0.2336±46 0.5613±188 14.25±0.52 0.1841±20 2690±18 7 
14.2* 76 62 0 0.02 0.2225±32 0.5672±176 15.07±0.52 0.1927±23 2765±19 5 
14.3 60 56 16 1.06 0.2421±60 0.5328±179 13.77±0.54 0.1875±30 2720±27 I 
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Table 3.2 (Continued). 
Site u Th 204pb f206 716 age Disc. 
(ppm) (ppm) (ppb) {%2 208pbf206pb 206pbf23Su 201Pbt23su 207pb/206pb (Ma)±lcr (%) 
93-979 
15.1 * 73 70 36 1.80 0.2312±56 0.5655±164 13.95±0.47 0.1789±25 2643±23 9 
15.2 126 115 19 0.55 0.2398±61 0.5569±188 14.78±0.58 0.1925±31 2764±26 3 
15.3* 185 183 1 0.02 0.2732±27 0.5667±173 15.14±0.48 0.1937±13 2774±11 4 
16.1 116 76 8 0.28 0.1873±35 0.5077±161 13.32±0.46 0.1902±20 2744±17 -4 
16.2 119 67 13 0.42 0.1547±34 0.5483±165 14.30±0.48 0.1892±20 2735±18 3 
96-135 
1.1 * 87 95 6 0.26 0.2892±56 0.5259±194 13.94±0.56 0.1923±22 2762±19 -1 
2.1 89 78 5 0.21 0.2200±95 0.5302±59 13.77±0.26 0.1884±26 2728±23 0 
3.1 117 96 8 0.28 0.2192±22 0.4897±136 12.14±0.43 0.1798±35 2651±32 -3 
4.1 50 48 2 0.15 0.2524±40 0.5219±76 13.31±0.25 0.1850±18 2698±16 0 
5.1 100 129 5 0.20 0.3539±29 0.5415±58 14.06±0.18 0.1883±12 2728±11 2 
6.1 * 76 43 9 0.50 0.1472±28 0.5015±148 12.36±0.39 0.1787±15 2641±14 -1 
7.1 146 120 15 0.40 0.2138±47 0.5270±75 13.55±0.22 0.1865±11 2711±9 0 
8.1 * 98 125 1 0.06 0.3514±66 0.5228±50 13.68±0.16 0.1898±10 2741±8 -1 
9.1 * 120 177 7 0.21 0.3868±69 0.5582±90 14.61±0.28 0.1899±16 2741±14 4 
10.l * 79 52 15 0.71 0.1757±25 0.5487±86 13.76±0.27 0.1819±18 2670±16 6 
11.1 119 81 12 0.41 0.1883±19 0.5234±79 13.34±0.22 0.1848±9 2697±8 0 
12.1 101 83 8 0.31 0.2234±21 0.5599±85 14.42±0.24 0.1868±10 2714±9 6 
13.l 85 61 3 0.12 0.1828±21 0.5397±81 13.72±0.35 0.1844±35 2693±32 3 
14.l 135 160 41 1.31 0.3144±51 0.4786±74 12.39±0.28 0.1878±27 2723±24 -7 
15.1 94 81 4 0.17 0.2240±58 0.5501±162 13.90±0.48 0.1833±28 2683±25 5 
16.1 * 327 251 351 3.44 0.2436±103 0.6281±105 15.77±0.44 0.1821±37 2672±34 18 
17.l 107 76 2 0.06 0.1822±31 0.5444±83 13.94±0.24 0.1856±12 2704±11 4 
18.l * 204 288 30 0.65 0.3544±25 0.4738±57 11.74±0.16 0.1796±8 2650±8 -6 
19.1 91 73 6 0.25 0.2092±22 0.5509±96 14.17±0.30 0.1866±18 2712±16 4 
20.1 * 117 66 8 0.26 0.1504±17 0.5481±82 13.88±0.23 0.1836±10 2686±9 5 
21.1 149 105 16 0.42 0.1842±39 0.5465±115 14.12±0.34 0.1874±18 2719±16 3 
22.1 57 61 3 0.17 0.2801±36 0.5497±85 14.30±0.25 0.1886±12 2730±10 3 
23.l 56 54 6 0.43 0.2520±31 0.5583±98 14.40±0.29 0.1870±14 2716±12 5 
24.l 87 63 5 0.23 0.1910±73 0.5421±117 14.04±0.42 0.1878±35 2723±31 3 
25.1 116 78 5 0.16 0.1719±16 0.5455±177 13.65±0.50 0.1815±25 2667±23 5 
26.l 70 79 3 0.18 0.2988±24 0.5366±95 13.68±0.30 0.1849±20 2698±18 3 
27.l 71 76 7 0.35 0.2929±29 0.5704±79 14.69±0.24 0.1868±14 2714±12 7 
28.1 * 80 65 2 0.07 0.2223±24 0.5622±93 14.85±0.27 0.1916±12 2756±10 4 
29.l 68 72 4 0.19 0.2791±50 0.5695±74 14.56±0.24 0.1854±15 2702±14 8 
30.1 81 101 5 0.21 0.3273±50 0.5660±81 14.38±0.29 0.1843±23 2692±21 7 
96-136 
1.1 176 71 154 3.95 0.0921±60 0.4432±152 10.80±0.43 0.1767±28 2622±26 -10 
2.1* 231 147 2065 36.7 0.0879±620 0.3212±168 7.59±1.30 0.1714±269 2572±289 -30 
3.1 137 42 31 0.87 0.0793±94 0.5357±134 13.41±0.51 0.1815±47 2667±43 4 
4.1* 327 99 1163 21.8 0.0361±248 0.2650±94 6.30±0.42 0.1724±91 2581±91 -41 
5.1 * 125 40 17 0.56 0.0819±59 0.5089±10 12.18±0.38 0.1736±36 2593±36 2 
6.1 * 116 42 44 1.83 0.0751±68 0.4261±147 10.70±0.44 0.1820±34 2672±31 -14 
7.1 105 41 67 2.64 0.0946±49 0.4902±66 12.38±0.24 0.1831±23 2681±21 -4 
8.1 * 175 221 640 22.8 0.0637±262 0.2579±69 6.30±0.44 0.1772±110 2627±107 -44 
9.1 * 189 82 614 14.0 0.0703±162 0.4141±128 10.22±0.78 0.1790±118 2644±114 -16 
10.1 120 44 42 1.37 0.0840±41 0.5293±100 13.19±0.29 0.1808±17 2660±16 3 
11.1 131 43 23 0.70 0.0863±33 0.5282±72 13.47±0.24 0.1850±18 2698±16 1 
12.1 160 51 76 2.03 0.0793±70 0.4764±84 11.82±0.32 0.1799±33 2652±31 -5 
13.l 146 47 101 2.8 0.0806±54 0.4996±61 12.52±0.28 0.1817±31 2668±29 1 
14.l 182 57 42 0.91 0.0834±36 0.5220±213 13.12±0.56 0.1822±18 2673±16 -2 
15.l 132 45 85 2.55 0.0770±71 0.5172±86 13.02±0.33 0.1826±32 2677±29 0 
15.2* 160 55 112 2.76 0.0875±67 0.5167±83 13.44±0.35 0.1886±34 2730±30 -2 
16.1 92 30 54 2.32 0.0815±89 0.5127±112 12.85±0.43 0.1818±42 2669±38 0 
16.2* 174 61 308 6.89 0.0707±88 0.4974±87 12.00±0.39 0.1750±44 2606±43 0 
17.l 125 42 21 0.62 0.0836±30 0.5533±126 13.67±0.35 0.1792±17 2645±16 7 
17.2 135 61 96 3.07 0.0998±56 0.4670±61 11.58±0.23 0.1798±25 2651±23 -6 
18.1 * 152 50 62 1.57 0.0853±42 0.5333±93 12.91±0.28 0.1756±19 2612±18 6 
19.1 * 140 59 192 6.64 0.1034±143 0.4026±168 10.08±0.59 0.1815±65 2667±60 -18 
20.l * 115 39 66 2.62 0.0859±60 0.4428±172 11.28±0.48 0.1847±23 2696±21 -12 
21.1 100 40 9 0.36 0.1142±47 0.5200±99 13.21±0.33 0.1842±26 2692±24 0 
22.l 121 35 18 0.55 0.0705±31 0.5465±83 13.68±0.25 0.1816±16 2668±15 5 
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Table 3.2 (Continued). 
Site u Th 204pb f206 716 age Disc. 
(ppm) (ppm) (ppb) (%2 208pbJ206pb 206pbJ238u 201rbJ23su 207pbJ206pb (Ma)±lcr (%) 
96-136 
22.2* 154 44 12 0.3 0.0769±36 0.5286±100 13.60±0.31 0.1867±19 2713±17 1 
23.1 103 31 49 1.82 0.0704±62 0.5313±110 13.26±0.37 0.1810±30 2662±28 3 
24.1 76 26 16 0.76 0.0877±39 0.5567±100 13.95±0.32 0.1818±22 2669±20 7 
25.1 158 63 119 3.15 0.0814±50 0.4806±83 12.01±0.26 0.1812±21 2664±19 -5 
96-125 
1.1 163 97 11 0.28 0.1548±26 0.5137±119 13.81±0.35 0.1951±13 2785±11 -4 
1.2 173 105 8 0.18 0.1586±23 0.5180±92 14.04±0.26 0.1966±8 2798±7 -4 
2.1 143 112 16 0.45 0.1953±50 0.5154±118 13.83±0.38 0.1946±24 2782±20 -4 
2.2 135 115 28 0.81 0.2013±29 0.5241±84 13.99±0.27 0.1936±17 2773±14 -2 
3.1 145 112 95 2.70 0.2097±54 0.4987±136 13.64±0.43 0.1984±25 2813±21 -7 
3.2 189 170 26 0.59 0.2473±29 0.4836±80 13.01±0.24 0.1951±13 2786±11 -9 
4.1 115 58 2 0.06 0.1354±36 0.5231±167 14.14±0.49 0.1960±20 2793±17 -3 
4.2 136 67 0 0.01 0.1351±22 0.5255±93 14.15±0.29 0.1953±15 2788±13 -2 
5.1 207 171 28 0.54 0.2269±42 0.5278±113 14.34±0.35 0.1970±18 2801±15 -2 
5.2 239 166 87 1.50 0.1960±109 0.4833±207 13.00±0.68 0.1951±49 2785±42 -9 
6.1 131 79 8 0.24 0.1405±45 0.5087±122 13.75±0.38 0.1961±22 2794±19 -5 
6.2 117 66 5 0.20 0.1373±25 0.4972±110 13.41±0.33 0.1956±14 2790±12 -7 
7.1 * 209 133 61 1.40 0.1442±48 0.4213±97 11.25±0.29 0.1936±19 2773±16 14 
8.1 195 101 31 0.65 0.1608±40 0.5009±78 13.59±0.28 0.1968±22 2800±19 -6 
9.1 104 83 1 0.05 0.2159±40 0.5415±115 14.65±0.36 0.1962±20 2795±17 0 
10.1* 170 217 62 1.70 0.2654±52 0.4278±96 11.96±0.33 0.2027±28 2848±23 19 
96-119 
1.1 183 98 6 0.13 0.1344±27 0.5691±208 15.16±0.58 0.1932±14 2770±12 5 
1.2 233 79 6 0.09 0.0820±35 0.5764±117 15.07±0.50 0.1896±46 2739±40 7 
2.1 223 97 4 0.08 0.1102±24 0.5293±169 13.90±0.49 0.1904±21 2746±19 0 
2.2* 424 204 6 0.06 0.1177±21 0.4630±65 11.75±0.19 0.1841±13 2690±11 -9 
2.3* 276 116 8 0.12 0.1069±18 0.5151±72 13.33±0.22 0.1877±13 2723±12 -2 
3.1 124 44 6 0.20 0.0868±21 0.4947±306 12.74±0.84 0.1869±30 2715±27 -5 
3.2* 648 276 48 0.73 0.1590±48 0.2085±24 4.360±0.09 0.1515±25 2363±28 -48 
4.1 153 62 5 0.14 0.0964±20 0.5446±198 14.40±0.55 0.1918±16 2758±14 2 
4.2 147 46 8 0.21 0.0723±24 0.5453±89 14.60±0.29 0.1942±18 2778±15 1 
4.3* 275 91 6 0.07 0.0817±11 0.5754±69 14.49±0.22 0.1827±15 2677±14 9 
5.1 204 84 7 0.13 0.0974±21 0.5308±249 14.06±0.68 0.1921±15 2760±13 -1 
6.1 90 27 5 0.20 0.0656±23 0.5767±233 14.99±0.63 0.1885±15 2729±13 8 
7.1 156 46 9 0.21 0.0755±20 0.5548±322 14.80±0.92 0.1935±30 2772±26 3 
7.2 320 121 6 0.08 0.0880±17 0.4996±81 13.07±0.30 0.1898±26 2740±23 -5 
8.1 172 60 5 0.11 0.0834±57 0.5068±116 13.12±0.39 0.1877±30 2722±26 -3 
8.2* 265 88 9 0.15 0.0723±15 0.4916±79 12.34±0.26 0.1820±22 2671±20 -4 
9.1 156 53 6 0.17 0.0879±40 0.5027±148 13.45±0.48 0.1940±32 2776±28 -5 
10.l * 250 92 5 0.09 0.0931±27 0.5096±108 13.04±0.33 0.1856±22 2703±20 -2 
11.1 195 107 5 0.10 0.1416±28 0.5052±118 13.21±0.37 0.1896±24 2739±21 -4 
11.2 220 69 5 0.10 0.0734±17 0.4809±98 12.59±0.28 0.1898±12 2741±10 -8 
11.3* 212 61 6 0.13 0.0749±20 0.4818±109 12.88±0.31 0.1939±13 2776±11 -9 
12.l * 273 125 8 0.15 0.0906±37 0.3993±82 9.27±0.23 0.1684±19 2542±19 -15 
13.l * 287 105 32 0.85 0.0965±64 0.2741±95 6.30±0.27 0.1667±37 2524±37 -38 
14.1 * 296 134 71 1.07 0.1050±80 0.4613±222 11.69±0.66 0.1838±43 2688±39 -9 
14.2* 389 187 11 0.11 0.1179±18 0.5175±69 13.15±0.24 0.1843±19 2692±17 0 
15.l 205 60 5 0.10 0.0726±50 0.4738±204 12.35±0.59 0.1890±31 2733±27 -9 
15.2 238 67 5 0.08 0.0702±21 0.5558±98 14.36±0.36 0.1873±30 2719±26 5 
16.l * 296 125 10 0.18 0.0892±86 0.3974±175 9.53±0.56 0.1739±59 2596±58 -17 
16.2* 352 140 8 0.11 0.0911±59 0.4418±131 11.240.39 0.1846±28 2695±25 -13 
17.1 * 386 201 7 0.09 0.1120±75 0.4319±60 10.44±0.47 0.1753±72 2609±70 -11 
18.1 200 64 8 0.14 0.0760±22 0.5798±87 15.22±0.27 0.1904±15 2746±13 7 
18.2 249 90 10 0.16 0.0906±17 0.4943±64 12.99±0.21 0.1907±16 2748±14 -6 
19.1 289 111 9 0.12 0.0776±39 0.5161±62 13.28±0.24 0.1866±22 2713±20 -1 
20.1 * 348 105 2 0.03 0.0745±31 0.4371±68 10.63±0.24 0.1764±26 2619±24 -11 
21.1 164 51 2 0.05 0.0773±22 0.5555±112 14.83±0.34 0.1936±16 2773±13 3 
22.1 * 320 117 1 O.Ql 0.0905±13 0.5481±77 14.04±0.25 0.1858±17 2706±15 4 
23.1 * 471 1698 177 3.74 0.1810±177 0.2007±36 5.08±.013 0.1834±32 2684±29 -56 
24.l 301 101 12 0.18 0.0766±16 0.4644±107 12.04±0.32 0.1880±21 2725±19 -10 
24.2 283 81 10 0.15 0.0621±38 0.4873±107 12.62±0.31 0.1878±16 2723±14 -6 
25.1 * 221 64 14 0.28 0.0636±43 0.4635±161 12.26±0.49 0.1919±29 2758±25 -11 
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Table 3.2 (Continued). 
Site u Th 204pb f206 7/6 age Disc. 
(ppm) (ppm) (ppb) (%2 208pb/206pb 206pbf238u 201Pbf235u 207pb/206pb (Ma)±l cr (%) 
96-119 
26.1 * 390 191 18 0.20 0.1130±23 0.4762±105 11.65±0.27 0.1774±10 2629±9 -4 
27.1 * 333 169 31 0.46 0.1064±29 0.4149±97 10.43±0.34 0.1824±37 2674±34 -16 
27.2* 345 119 12 0.15 0.0766±19 0.4660±90 11.76±0.27 0.1830±18 2680±16 -8 
28.1 * 418 199 18 0.26 0.1054±35 0.3499±72 8.13±0.21 0.1686±21 2544±21 -24 
29.1 * 179 63 1 0.02 0.0924±17 0.4908±130 13.25±0.37 0.1957±11 2791±9 -8 
30.1 * 306 155 7 0.09 0.1152±18 0.4815±91 11.87±0.27 0.1787±18 2641±17 -4 
31.1 * 579 467 5 0.05 0.1991±57 0.3680±93 7.61±0.26 0.1501±30 2347±34 -14 
32.1 * 295 145 5 0.08 0.1209±13 0.4869±100 13.04±0.30 0.1943±16 2779±13 -8 
32.2* 292 150 5 0.08 0.1203±16 0.4563±88 12.18±0.26 0.1936±13 2773±11 -13 
33.1 * 290 153 4 0.06 0.1451±21 0.4818±99 13.23±0.30 0.1991±13 2819±11 -10 
33.2 229 120 1 0.01 0.1380±52 0.4901±133 13.31±0.46 0.1969±35 2801±29 -8 
34.1 412 197 3 0.02 0.1306±13 0.5299±127 13.90±0.34 0.1902±7 2744±6 0 
35.1 * 293 116 1 0.02 0.1041±31 0.4577±120 11.89±0.38 0.1883±30 2728±27 -11 
36.l * 288 152 7 0.10 0.1397±16 0.5010±118 13.42±0.33 0.1943±9.2 2779±9 -6 
37.1 * 268 106 5 0.14 0.1162±27 0.2686±129 7.32±0.37 0.1977±21 2807±18 -45 
38.1 * 311 201 1 0.02 0.1592±32 0.4672±202 11.78±0.55 0.1828±25 2679±23 -8 
39.1 199 82 1 0.02 0.1078±12 0.5046±158 13.28±0.43 0.1909±10 2750±8 -4 
40.1 404 258 6 0.07 0.1748±16 0.4837±82 12.82±0.23 0.1922±10 2761±8 -8 
41.1 355 216 6 0.08 0.1592±26 0.5050±98 13.39±0.29 0.1923±14 2762±12 -5 
42.l 288 140 3 0.04 0.1256±16 0.4807±82 12.67±0.23 0.1911±9 2752±8 -8 
43.1 * 220 98 1 0.02 0.1197±16 0.5325±97 14.28±0.29 0.1945±12 2780±10 -1 
44.1 109 40 2 0.07 0.0933±23 0.5209±99 13.89±0.29 0.1934±13 2771±11 -3 
45.1 442 231 5 0.05 0.1319±14 0.4879±68 12.90±0.20 0.1918±10 2758±8 -7 
46.1 215 99 3 0.06 0.1209±13 0.4894+66 12.84±0.19 0.1903±8 2744±7 -6 
47.1 * 294 135 1 0.02 0.1257±15 0.5317±126 14.51±0.36 0.1979±8 2809±7 -2 
48.1 * 454 253 12 0.13 0.1386±27 0.4423±165 11.05±0.43 0.1812±15 2664±14 -11 
96-130 
1.1 323 163 63 0.64 0.1093±63 0.6244±108 24.53±0.58 0.2849±41 3390±23 -8 
93-986 
1.1 * 150 91 21 0.52 0.1570±39 0.5499±148 14.03±0.42 0.1850±18 2698±17 11 
2.1 145 81 11 0.29 0.1518±39 0.5170±156 13.67±0.45 0.1917±19 2757±17 -3 
3.1 * 196 192 8 0.19 0.2713±48 0.4594±142 12.00±0.41 0.1894±22 2737±19 12 
4.1 107 68 17 0.64 0.1634±40 0.5091±146 13.38±0.43 0.1907±20 2748±18 -4 
5.1 147 116 6 0.16 0.2261±30 0.5004±134 13.14±0.38 0.1904±17 2746±14 -5 
6.1 181 156 16 0.36 0.2410±38 0.5144±216 13.68±0.61 0.1929±21 2767±18 -3 
7.1 247 165 16 0.26 0.1763±22 0.5013±142 13.17±0.39 0.1905±12 2746±10 -5 
8.1 126 70 7 0.24 0.1548±32 0.4960±150 12.90±0.42 0.1886±18 2730±15 -5 
9.1 96 53 18 0.75 0.1305±45 0.5115±207 13.24±0.58 0.1878±22 2723±20 -2 
10.1 * 236 157 3 0.05 0.1854±26 0.4824±138 12.83±0.39 0.1928±13 2767±11 15 
11.1 131 105 14 0.42 0.2158±43 0.5128±167 13.47±0.48 0.1905±21 2746±18 -3 
12.1 70 38 0 0.02 0.1550±30 0.5218±187 14.00±0.55 0.1946±25 2782±21 -3 
13.1 199 192 25 0.49 0.2556±68 0.5330±219 14.10±0.65 0.1918±32 2758±27 0 
14.1 342 238 10 0.12 0.1879±26 0.5055±160 13.36±0.45 0.1916±15 2756±13 -4 
15.1 204 234 25 0.49 0.3086±34 0.5178±138 13.51±0.38 0.1893±13 2736±12 -2 
16.1 254 143 13 0.21 0.1492±30 0.5140±126 13.28±0.35 0.1873±15 2719±13 -2 
17.1 191 117 8 0.16 0.1632±34 0.5398±152 14.12±0.44 0.1897±20 2740±17 2 
18.1 132 84 4 0.12 0.1679±29 0.4998±160 12.98±0.44 0.1883±15 2728±14 -4 
19.1 84 44 32 1.53 0.1083±68 0.5164±141 13.12±0.45 0.1843±33 2692±30 0 
20.1 77 54 4 0.20 0.1910±38 0.5399±190 14.21±0.56 0.1909±28 2750±24 1 
20.2 75 48 22 1.16 0.1533±59 0.5185±131 13.28±0.41 0.1857±28 2704±25 0 
21.1 139 102 20 0.57 0.1928±39 0.5316±127 13.82±0.38 0.1885±20 2730±18 1 
21.2 185 151 13 0.27 0.2174±38 0.5127±104 13.48±0.32 0.1908±19 2749±16 -3 
22.1 199 99 8 0.16 0.1379±30 0.4963±110 13.08±0.33 0.1912±17 2752±14 -6 
93-987 
1.1 470 427 11 0.09 0.2568±13 0.5096±110 13.36±0.30 0.1901±6 2743±6 -3 
2.1 73 37 14 0.74 0.1284±41 0.5324±142 13.97±0.43 0.1903±24 2745±21 0 
3.1 68 38 9 0.55 0.1472±60 0.4957±137 12.95±0.48 0.1894±40 2737±35 -5 
4.1 120 69 5 0.18 0.1572±31 0.5273±122 13.77±0.36 0.1894±17 2737±15 0 
5.1 101 60 4 0.16 0.1643±30 0.5538±123 14.53±0.36 0.1903±15 2745±13 4 
6.1 95 54 7 0.31 0.1581±48 0.5051±119 13.41±0.37 0.1926±23 2765±20 -5 
7.1 82 52 9 0.43 0.1777±37 0.5232±119 13.72±0.36 0.1902±19 2744±17 -1 
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Table 3.2 (Continued). 
Site u Th 204pb f106 716 age Disc. 
(ppm) (ppm) (ppb) (%2 208pb/206pb 206pbf238u 201Pbf235u 207pbf206pb (Ma)±l cr (%) 
93-987 
8.1 195 214 3 0.06 0.3040±30 0.5222±108 13.71±0.31 0.1904±14 2745±12 -1 
8.2 132 105 10 0.30 0.2171±40 0.5143±127 13.50±0.39 0.1904±23 2746±20 -3 
9.1 140 67 13 0.36 0.1239±29 0.5292±108 13.82±0.33 0.1894±19 2737±17 0 
10.1 174 172 4 0.09 0.2726±23 0.5342±111 14.06±0.32 0.1909±13 2750±11 0 
11.1 112 89 9 0.30 0.2172±39 0.5564±145 14.57±0.43 0.1900±21 2742±18 4 
11.2 117 84 3 0.11 0.1894±42 0.5093±111 13.26±0.33 0.1889±17 2733±15 -3 
12.1 132 118 10 0.30 0.2474±31 0.5354±119 13.85±0.34 0.1876±14 2721±12 2 
13.1 * 143 130 13 0.49 0.1621±58 0.3936±89 9.96±0.29 0.1836±30 2685±27 -20 
14.1 85 76 0 0.01 0.2530±48 0.5372±139 14.19±0.42 0.1915±23 2755±20 1 
14.2 64 34 6 0.33 0.1472±58 0.5358±165 14.08±0.50 0.1906±28 2748±24 1 
15.1 113 59 5 0.18 0.1468±36 0.5287±111 13.87±0.34 0.1902±19 2744±17 0 
16.1 142 56 5 0.13 0.1014±114 0.5404±246 14.23±0.88 0.1910±69 2751±61 1 
17.1 75 26 12 0.62 0.0975±56 0.5327±142 13.95±0.44 0.1899±27 2741±24 0 
18.1 150 152 7 0.19 0.2694±60 0.5330±144 13.97±0.45 0.1901±27 2743±24 0 
18.2 95 86 9 0.34 0.2472±42 0.5511±157 14.47±0.45 0.1905±19 2746±16 3 
18.3 108 94 6 0.22 0.2448±47 0.5078±164 13.57±0.49 0.1939±24 2775±21 -5 
18.4 152 132 3 0.08 0.2257±29 0.5394±127 13.98±0.36 0.1879±15 2724±13 2 
19.1 123 98 10 0.33 0.2127±35 0.5289±120 13.92±0.35 0.1909±16 2749±14 -1 
19.2 227 187 4 0.07 0.2267±25 0.5290±189 13.92±0.51 0.1908±10 2749±9 0 
20.1 136 108 12 0.35 0.2162±40 0.5265±150 13.91±0.44 0.1917±19 2757±16 -1 
21.1 158 70 1 0.03 0.1215±22 0.5401=183 14.01±0.55 0.1881±30 2725±27 2 
22.1 50 28 0 0.02 0.1599±66 0.5454±175 14.47±0.55 0.1924±32 2763±28 2 
23.1 127 45 13 0.41 0.0926±32 0.5379±123 14.07±0.37 0.1896±20 2739±17 1 
96-632 
1.1 267 270 7 0.12 0.2838±13 0.5048±98 13.23±0.27 0.1901±7 2743±6 -4 
2.1 167 166 7 0.17 0.2681±48 0.5165±104 13.42±0.29 0.1885±10 2729±9 -2 
3.1 139 103 4 0.11 0.2003±45 0.5141±127 13.47±0.43 0.1900±33 2742±29 -3 
4.1 * 146 128 9 0.25 0.2399±55 0.5103±163 13.75±0.50 0.1953±28 2788±24 -5 
5.1 167 145 2 0.04 0.2389±23 0.5050±122 13.15±0.33 0.1889±8 2732±7 -4 
6.1 78 35 3 0.19 0.1198±24 0.4862±109 12.72±0.31 0.1898±12 2741±11 -7 
7.1 140 82 1 0.02 0.1681±52 0.4891±224 12.93±0.67 0.1918±37 2757±32 -7 
8.1 54 24 3 0.23 0.1234±66 0.5372±161 14.28±0.53 0.1929±36 2767±31 0 
9.1 57 42 9 0.62 0.1938±30 0.5241±134 13.54±0.38 0.1874±17 2719±15 0 
10.1 139 108 2 0.05 0.2108±13 0.5301±112 13.81±0.31 0.1889±8 2733±7 0 
11.1 152 93 4 0.11 0.1645±14 0.5215±108 13.70±0.29 0.1905±7 2746±6 -2 
11.2 178 135 2 0.05 0.2042±11 0.5304±102 13.71±0.32 0.1874±20 2719±17 1 
12.1 134 100 6 0.18 0.1960±23 0.5205±104 13.59±0.30 0.1893±13 2736±11 -1 
13.1 153 139 6 0.17 0.2551±23 0.5040±108 13.25±0.30 0.1906±11 2748±10 -4 
14.1 76 60 3 0.18 0.2118±37 0.5220±121 13.58±0.36 0.1886±20 2730±17 -1 
15.1 156 152 7 0.19 0.2654±30 0.4846±112 12.71±0.32 0.1902±16 2744±14 -7 
16.1 91 48 4 0.19 0.1412±41 0.5231±116 13.66±0.35 0.1895±19 2738±16 -1 
16.2* 127 71 4 0.11 0.1531±14 0.5326±109 13.76±0.30 0.1874±9 2719±8 1 
17.1 96 86 13 0.52 0.2358±49 0.5348±122 13.92±0.36 0.1888±17 2732±15 1 
18.1 159 114 3 0.08 0.1946±18 0.5012±102 12.99±0.28 0.1880±9 2725±8 -4 
19.1 143 138 9 0.25 0.2688±18 0.5125±102 13.45±0.32 0.1903±19 2745±17 -3 
19.2 151 125 6 0.17 0.2235±17 0.4866±109 12.67±0.30 0.1888±9 2731±8 -6 
20.1 221 160 3 0.05 0.1970±25 0.5112±109 13.39±0.31 0.1899±12 2741±10 -3 
21.1 105 78 3 0.12 0.2057±25 0.5335±108 13.97±0.31 0.1899±12 2741±11 1 
22.1 160 98 6 0.14 0.1620±29 0.5297±117 13.76±0.35 0.1884±18 2728±16 0 
23.1 118 102 3 0.08 0.2415±20 0.5225±143 13.78±0.39 0.1913±10 2754±9 -2 
24.1 * 108 92 6 0.23 0.2338±21 0.5197±122 13.80±0.34 0.1926±11 2764±9 -2 
25.1 98 67 5 0.22 0.1871±28 0.5226±121 13.71±0.35 0.1903±15 2745±13 -1 
Notes: 1 - All ratios involving Pb refer to radiogenic Pb. Quoted uncertainties (lcr) are the standard error 
of the mean and refer to the last digits. 2 - Analyses with asterisks were regarded as outliers and rejected 
when calculating the weighted means of the samples. 3 - f2Q6 (%) denotes percent of common 206pb in 
the total measured 206Pb. 4 - Disc. (%)=(206pbJ238u age I 207pb;235u age - l)* 100%. 
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small zircons were isolated. The zircons are pale pink, clear, without obvious zoning. 
An age of 2821±5 Ma was determined from 12 of 16 analyses. This age is interpreted to 
be the best estimate of the age of crystallisation of the gabbro. Three discordant 
analyses, 13.1, 14.1and14.2, were rejected when calculating this age (Fig. 3.6e, Table 
3.2). Analysis 4.1, which has a minimum age of 2932±31 Ma, is interpreted to be a 
xenocryst (Fig. 3.6e). 
93-978 is a sample of sheared porphyritic felsic volcanic rock, collected close to 
Nannine Mine site (Fig. 3.4, 3.7) from an outcrop assigned by Watkins and Hickman 
( 1990a, b) to the Gabanintha Formation. The phenocrysts are composed predominantly 
of saussuritised zoned plagioclase with minor amounts of chloritised hornblende and 
quartz. The groundmass is fine-grained and composed of quartz and feldspar, which 
show signs of weak recrystallisation. Zircon crystals and fragments separated from this 
rock are pink, euhedral, elongated to stubby prisms (Fig. 3.5b). They contain abundant 
opaque inclusions and elongated cavities. Most of the zircons have large unzoned 
interiors surrounded by a thin outer rim which is too narrow to date. Twenty-three sites 
from thirteen grains were analysed. If all of the data are included, the calculated age for 
this sample is 2704±8 Ma. If two discordant (1.1, 2.4) and five statistic outliers (8.1, 
9.1, 10.1, 13.1, 13.2) containing higher common Pb are rejected, an age of 2714±10 Ma 
is obtained (Fig. 3.6f, Table 3.2), which is regarded as the best estimate for the 
crystallisation age for this sample. 
93-979, a second porphyritic felsic volcanic rock from the same outcrop as 93-978 (Fig. 
3.4, 3.7), was also dated. Like 93-978 it contains mainly plagioclase phenocrysts that 
are up to few millimetres in size. However this sample is more massive, and less altered 
and deformed than 93-978. It is the freshest of the three samples collected from this 
area (Fig. 3.4, 3.7). The morphology of the zircons from this sample is also similar to 
those in 93-978. Twenty-six analyses were carried out from sixteen individual grains 
and fragments. Although considerable 207pb;206pb age variation was observed, no 
obviously older zircon cores were dated. If all of the data included in the calculation, 
the age of the sample is 2708±6 Ma. If ten outliers (1.1, 2.1, 4.2, 7.1, 8.1, 9.2, 11.1, 1.1, 
15.1, 15.3) are rejected (Table 3.2), an age of 2716±10 Ma is determined (Fig. 3.6g). 
This is the crystallisation age assigned to the sample. 
A third sample, 96-135, was collected - 2 km north of 93-978 and 93-979 (Fig. 3.4, 
3.7). This is also a porphyritic felsic volcanic rock but it is finer-grained, more strongly 
altered, and lighter in colour than the two previous samples. Most of the zircons from 
this sample are euhedral, prismatic and equant with sharp crystal faces and 
oscillatory zoned interiors. However some zircon fragments have an irregular structure 
with rounded edges. As with the zircons extracted from 93-978 and 93-979, zircons in 
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Fig, 3.7 Geology of the type area for the Golconda Formation, showing the localities and ages of 
samples 93-978, 93-979 and 96-135. Modified from Watkins and Hickman (1990b). 
this sample also contains abundant elongated cavities and opaque inclusions. Old 
zircon cores and or xenocrysts were again observed neither from the zircon morphology 
nor during dating. All thirty analyses yield an age of 2705±11 Ma. The best estimate 
age (2710±6 Ma) for this sample is obtained by rejecting 9 outliers according to the 
criteria described previously. Analysis 16.1 contains high common Pb (351ppb204Pb), 
and the 207pb;206pb ages of eight other analyses (1.1, 6.1, 8.1, 9.1, 10.1, 16.1, 18.1, 
20.1) differ from the weighted mean age at 2cr level (Fig. 3.6h, Table 3.2). 
Sample 96-136 is a grey-green coloured quartz porphyry with quartz and feldspar 
phenocrysts set in a fine-grained quartz-feldspar-muscovite matrix. It also contains 
disseminated pyrite. This sample was collected from a dyke that intrudes the Central 
Trend, South Junction pit at Bluebird mine, - 15 km SW of Meekatharra on the western 
side of the Meekatharra-Wydgee greenstone belt (Fig. 3.4, 3.7). The zircons from this 
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sample are light pink, well zoned euhedral prisms. No xenocrysts or obvious older 
cores were found. Twenty-nine analyses on twenty-five individual grains give an age of 
2666± 11 Ma if all analyses are included. When the twelve outliers are rejected, the age 
determined for this porphyry's intrusion is 2667±9 Ma. The outliers include seven 
discordant analyses (2.1, 4.1, 6.1, 8.1, 9.1, 19.1, 20.1) with high common Pb, and five 
others (5.1, 15.2, 18.1, 16.2, 22.2) with 207pb;206pb ages that are distinguishable from 
the weighted mean age at the 2cr level (Fig. 3.6i, Table 3.2). 
96-125 is a meta-dolerite collected from a outcrop - 2 km SE of 96-121 (Fig. 3.4). The 
rock is composed mainly by plagioclase and ferromagnesian minerals, with minor 
quartz and opaque minerals. It is strongly altered by a combination of saussuritisation, 
chloritisation and carbonatisation. As a result, the original phases and structure of the 
ferromagnesians can not be recognised. The zircons are pink coloured, zoned, euhedral 
prisms and contain abundant inclusions. Sixteen analyses were carried out on ten 
individual grains from this sample. An age of 2792±5 Ma was obtained from fourteen 
concordant analyses (Fig. 3 .6j). Discordant analyses 7 .1 and 10.1 were regarded as 
outliers (Fig. 3.6k, Table 3.2). Although a few analyse contains relatively high 204pb 
(ranging from 26 to 95 ppb ), they are concordant and gave indistinguishable 
207pb;206pb ages with the rest grains containing low level common Pb (0 to 11 ppb ), 
and therefore were included in calculating the age for this sample (Table 3.2). 
Sample 96-119 is a cherty felsic volcanic rock, from - 2 km SW of 96-121 (Fig. 3.4). It 
is composed primarily of quartz and epidote which alternate to produce fine banding. 
The rock is strongly deformed and recrystallized and contains rare quartz phenocrysts. 
The zircons are light pink, euhedral, prismatic and equant with euhedral internal zoning. 
A total of sixty-six analyses were carried out on forty-eight grains. Two age groups 
were revealed by the Mix modeling (Sambridge and Compston, 1994; cf. Chapter 2). 
Twenty sites (2.2, 3.2, 4.3, 8.2, 12.1, 13.1, 14.1, 14.2, 16.1, 17.1, 20.1, 23.1, 26.1, 27.1, 
27.2, 28.1, 30.1, 31.1, 38.1, 48.1), most of which are normally discordant and have 
higher common Pb, form the younger group (Table 3.2). They have ages that lie 
between 2692 and 2347 Ma and are interpreted as isotopically disturbed members of 
the main zircon population. The other forty-six analyses form a second group. The best 
estimate of the crystallization age of 2750±5 Ma was calculated from thirty-one 
concordant analyses after rejecting fifteen discordant analyses and statistic outliers (2.3, 
10.1, 11.3, 16.2, 22.1, 25.1, 29.1, 32.1, 32.2, 33.1, 35.1, 36.1, 37.1, 43.1, 47.1) (Table 
3.2). The discordant pattern indicates recent Pb loss, possibly in combination with some 
late Proterozoic Pb loss (Fig. 3.6k). 
Sample 96-130 is a Golconda Formation chert collected from Andy Well, - 45 km 
NNE of Meekatharra (Fig. 3.4). Only two grains were separated from this sample. They 
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are euhedral, iron-stained prismatic grains with rounded edges. One analysis gave an 
age of 3390±22 Ma (lcr, Fig. 3.61, Table 3.2). This could be the crystallisation age of 
the chert, or the age of a xenocryst. The later is the more likely because greenstones of 
this age have not been dated within the Murchison, whereas xenocrysts with similar 
ages have been found during this study. 
The northern section of the Meekatharra-Wydgee greenstone belt can be divided into 
two zones separated by the Mount Magnet Shear Zone (Fig. 3.4). The eastern zone 
forms a syncline with the oldest rocks at the margin of the greenstone belt and the 
youngest rocks near the centre (supported by the facings obtained from sedimentary 
structures, pillow lavas and a layered sill, Hallberg et al., 1976b), whereas the western 
zone probably consists of a series of steeply dipping beds (mainly from the dipping of 
sedimentary rocks observed by Elias et al., 1982). 
There is general agreement between Watkins and Hickman ( 1990a, b) and Hallberg et 
al. (personal communication, 1997; see also Pidgeon and Hallberg, in press) as to the 
nature of the stratigraphic succession east of the Mount Magnet Shear Zone and, 
because this is the type area for several of the formations of Watkins and Hickman, it is 
convenient to use their nomenclature for this region. The lowest stratigraphic unit dated 
from the eastern zone is a chert (96-130) collected near the northern margin of the 
greenstone belt from an outcrop assigned to the Golconda Formation by Watkins and 
Hickman (1990a, b). However, because only two grains were separated from this 
sample, the significance of the age of 3390±22 Ma obtained for this sample is 
questionable. As noted earlier, the grains are probably xenocrysts which would make 
3390 Ma the maximum age for the Golconda Formation. 
Two samples were dated from the overlying Gabanintha Formation: a volcaniclastic 
rock (96-128) from the western side of the syncline and a sample from a gabbro sill (96-
631) from the eastern side. These samples gave ages of 2812±7 and 2821±5 Ma 
respectively. Two precise ages of 2810±5 and 2815±7 Ma were obtained for the 
Windaning Formation. These ages suggest that the Windaning Formation possibly 
conformably overlies the Gabanintha Formation in the Meekatharra area, and that the 
two formations developed during a period of continuous or semi-continuous deposition 
between ca. 2810 and 2825 Ma. This interpretation is supported by the field observation 
that there is no evidence of stratigraphic breaks in the eastern flank of the Polelle 
Syncline (Hallberg et al., personal communication, 1997; Pidgeon and Hallberg, in 
press). Unfortunately, attempts to date members of the Mount Farmer Group in the 
Meekatharra area were unsuccessful because none of the collected samples contained 
zircons (Appendix D). 
The facing of the beds to the west of the Mount Magnet Shear Zone is uncertain. The 
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Watkins and Hickman ( 1990a, b) stratigraphy requires the facing to be to the east 
whereas Hallberg et al. (personal communication, 1997) suggest it is to the west. In 
spite of correlation problems that stem from these differences, the terminology of 
Watkins and Hickman ( 1990a, b) is used in this section for the stratigraphy to the west 
of the Mount Magnet Shear Zone so that the dated units can be identified on Fig. 3.4. 
Four effective dates have been obtained from this zone. A conformable cherty felsic 
volcanic rock (96-119), from the contact between the Murrouli Basalt and the Golconda 
Formation, gave an age of 27 50±5 Ma; a metadolerite sill (96-125) from the top of the 
Golconda Formation gave an age of 2792±5; porphyritic rocks from the top of the 
Gabanintha Formation (93-978, 93-979 and 96-135) gave ages between 2710 and 2717 
Ma; and a porphyritic body (96-136) that intrudes the Gabanintha Formation in the 
Bluebird Mine gave an age of 2667±9 (Fig. 3.4). The Golconda Formation must be the 
same age or older than the ca. 2792 Ma sill that intrudes it. The stratigraphic chert 
horizon that follows the contact between the Golconda Formation and the Murrouli 
Basalt is younger than the sill so that the facing of these beds must be to the west as 
required by the new stratigraphic subdivision (Hallberg et al., personal communication, 
1997; Pidgeon and Hallberg, in press). However, the young ages obtained for the 
porphyry samples, collected near the top of the Gabanintha Formation, appear to 
contradict this conclusion but outcrop in this area is poor and their field relationship 
with the surrounding rocks is unclear. The simplest explanation is that the porphyry 
samples are from dykes originating from the adjacent granite pluton (see Fig. 3.7). The 
ages of ca. 2710 to 2717 Ma are appreciably younger than any stratigraphic ages 
obtained from the Meekatharra area and they are inconsistent with the interpretations of 
both Watkins and Hickman ( 1990a, b) and Hallberg et al. (personal communication, 
1997; see also Pidgeon and Hallberg, in press). 
The correlations suggested by Watkins and Hickman ( 1990a, b) between the 
stratigraphy on the eastern and western side of the Mount Magnet Shear Zone are 
clearly invalid. The Murrouli Basalt was not dated in this study but it must be younger 
than 2750 Ma. It can therefore not be the oldest stratigraphic unit in the Murchison 
Province as proposed by Watkins and Hickman (l 990a, b) It is also unlikely that what 
has been called the Golconda Formation on the western side of the shear zone correlates 
with the Golconda Formation on the eastern side. The age of this formation on the 
eastern side lies between 2820 and 3390 Ma. Its age on the western side is probably 
2793 Ma, the age of the dated sill that intrudes near its top. Although this is strictly a 
minimum age it is probably close to the true age. Experience from elsewhere in the 
Yilgarn craton (e.g. the Eastern Goldfields Province) has shown that the geochemistry 
of sills is the same as the adjacent greenstones, suggesting that they are pounded lava 
flows rather than sills that have intruded into the greenstone pile at some later time 
(Ghaderi, 1998). 
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On the other hand the ages reported in this study are generally consistent with the 
correlations suggested by Hallberg et al. (personal communication, 1997; see also 
Pidgeon and Hallberg, in press). These authors assigned the Murrouli Basalt of Watkins 
and Hickman (1990a, b) to their Assemblage 3, the Windaning Formation to 
Assemblage 2 and the Golconda and Gabanintha Formations to Assemblage 1. 
Assemblage 2 is absent from the western zone which requires a time gap between 
deposition of Assemblages 1 and 3 in this area. The geochronology reported in this 
study shows that Assemblage 1 in the region is ca. 2792 Ma or older and that 
Assemblage 3 is ca. 2750 Ma or younger, consistent with the predicted time gap. 
3.4.1.2 Wattagee Hill area 
Sample 93-986 is a clast bearing felsic tuff collected close to the Wattagee Hill (Fig. 
3.8). The composition and texture of the clasts and matrix are very similar with altered 
plagioclase and minor quartz as phenocrysts set in a very fine-grained plagioclase and 
quartz dominant groundmass. Zircons separated from this rock are generally equant to 
stubby in habit with rounded edges and oscillatory zoning. A single age population was 
found from a total of twenty-four analyses carried out on twenty-two grains. The 
deposition age of 2742±7 Ma of this tuff was determined when a discordant analysis 
(3.1) and two statistic outliers (1.1and10.1) were rejected (Fig. 3.6m, Table 3.2). 
Another sample (93-987) was collected from the same locality as 93-986 (Fig. 3.8). 
This rock is similar to 93-986 but is more altered and contains more plagioclase 
phenocrysts and quartz. Zircons isolated from this rock are pink, equant to stubby, with 
only a few grains being prismatic. The crystal edges of the grains are all somewhat 
rounded (Fig. 3.5c). Thirty sites from twenty-three zircons were dated and all analyses 
were concordant with the exception of 13.1 (Fig. 3.6n, Table 3.2). Their 207pb;206pb 
ages are indistinguishable within analytical uncertainty at 2742±4 Ma. This age is 
interpreted as the deposition age of this tuff. 
Sample 96-632 was also from the same area near Wattagee Hill (Fig. 3.8). It is similar 
to the above two samples but more altered. Zircons in this rock are similar to those in 
93-986 and 93-987. An age of 2738±4 Ma, obtained from twenty-five of twenty-eight 
analyses from twenty-five grains, is interpreted as the crystallisation age of the zircons 
and the deposition age of this tuff. Three analyses with 207pb/206pb ages that lie 
beyond the 2cr level from the weighted mean ( 4.1, 16.2, 24.1 ), were regarded as outliers 
and rejected (Fig. 3.6o, Table 3.2). 
The ages of the three samples from the Wattagee Hill area agree within analytical 
errors. A pooled mean age of 2741±3 Ma, which was calculated from seventy-six of the 
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Fig. 3.8 Geological map of the Weld Range greenstone belt. The boundary between this and the 
Meekatharra-Wydgee greenstone belt is ill-defined. It has a SW-NE trending and goes through the area 
to the west of the Wattagee Hill in the southeastern corner of the map area. The localities and ages 
(Ma) determined for the samples from the Weld Range greenstone belt and from the Wattagee Hill 
area (93-986, 93-987 and 96-632) in the Meekatharra-Wydgee greenstone belt are presented. Modified 
from Watkins and Hickman (1990b). 
eighty-two analyses points for these samples and this is taken as the best estimate of the 
deposition age of the felsic tuffs in the region. The W attagee Hill area was assigned to 
the Gabanintha Formation by Watkins and Hickman (1990a, b) but its age of ca. 2741 
Ma does not correlate with the age of ca. 2820 Ma obtained for the Gabanintha 
Formation in the type area. However the Wattagee Hill tuffs do correlate with the :::; ca. 
2750 Ma Murrouli Basalts, both of which are classified as Assemblage 3 by Hallberg 
(cf. Pidgeon and Hallberg, in press). 
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3.4.1.3 Mount Magnet area 
Mount Magnet (28°03 '50...,S, 117°50'50,,E) is located in the southern part of the 
Meekatharra-Wydgee greenstone belt (Fig. 3.1 and 3.9). It is a major gold-producing 
centre in Murchison Province. Greenstones assigned to both the Luke Creek and the 
Mount Farmer Groups of Watkins and Hickman (1990a, b) are developed in the Mount 
Magnet area. The Mount Farmer Group in the region is the Wattle Creek Basalt (Fig. 
3.1 and 3.9). The major structure here is the Boogardie Synform (Fig. 3.9). Detailed 
geology of the Mount Magnet area was given by Watkins and Hickman ( 1900a, b) and 
Thompson et al. (1990). Results of three dated samples are given below. 
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Fig. 3.9 Simplified geology of the Mount Magnet area showing the localities and ages of the 
samples dated in this study and by Schiszme and Campbell (1996). Modified from Watkins and 
Hickan (1990b). 
93-1009 is a percussion chip sample of a Windaning Formation (Mistico Formation of 
Thompson et al. 1990) chert from the old Matana/St. George Au mining lease. The 
zircons are pink, euhedral, mainly stubby grains with well developed zoning and 
complex overgrowth. Prismatic crystals are rare. Some grains contain zoned cores 
(11.1, 14.2) with unzoned or weekly zoned rim (5.1, 6.1, 7.1, 9.1, 14.1). An old zircon 
core ( 11.1) gave an age of 2941± 17 Ma ( 1 cr), similar to the age obtained for the older 
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greenstones in the Golden Grove area which will be discussed later. Three analyses of 
younger rims ( 5 .1, 6.1, 7 .1) gave a combined age of 2659± 12 Ma. Except for 11.1, all 
of the other twenty two analyses belong to a single population (Table. 3.3). After 
rejecting discordant analyses (2.2, 9.1, 14.2) and statistical outliers (3.1, 3.2, 13.2, 14.1, 
15.1), the weighted mean age of the sample is 2794±14 Ma (Fig. 3.lOa) 
93-1015 is a drill core sample of a porphyritic intermediate intrusion from the Hesperus 
Open Pit (28°03 'S, 117°48 ') of the Hill 50 mine (BRC 1148, 70-72 m). It contains 
phenocrysts of plagioclase and ferromagnesian minerals set in a fine grained plagioclase 
dominant groundmass. The rock is heavily carbonitised, sericitised, chloritised and 
saussuritised and weekly mineralised (0.7-1.2 g Ag/t). Field relationship suggest that it 
was one of the last intrusions to crystallise in the Hill 50 area. The zircon crystals, with 
the exception of grain 9, are pink, euhedral and zoned prisms. Grain 9 has an irregular 
shape and is unzoned. It gave a Proterozoic age of 1607±34 (la) Ma suggesting that it 
is a laboratory contaminant (Fig. 3.lOb, Table 3.3). Twenty-four sites on fourteen grains 
were analysed from this sample. All of the data, except 9 .1, form a single age 
population with a weighted mean age of 2709±15 Ma. Although half of the analyses are 
normally discordant due to recent Pb loss (Fig. 3.lOb), but their 207pb/206pb ratios 
agree well with the concordant data (Table 3.3). As a result, the criterion of 
concordancy was not applied to this sample. If analysis 14.2, which is most discordant 
and has a younger age of 2617±28 Ma (la, Fig. 3. lOb, Table 3.3), is rejected the 
calculated age of this rock is 2709±12 Ma. Two analyses, 3.1 and 3.3, which have very 
large uncertainties in their Pb/U ratios, were not shown in the concordia plot (Fig. 
3.lOb). 
A sheared felsic porphyry (97-124) was collected from the northwestern wall of the 
Saturn Open Pit (28°00'S, 117°47'). In this rock, predominant plagioclase phenocrysts 
are found in a fine-grained groundmass composed by plagioclase with minor quartz and 
chloritised ferromagnesian minerals. Pink coloured stubby to prismatic zircons 
separated from this sample are beautifully euhedral with sharp crystal edges and faces 
(Fig. 3.5d). Most of them are fine-grained (around 50-100 µm), and do not show 
obvious interior zoning (Fig. 3.5d). Twenty-one analyses were carried out on twenty 
individual grains. The results indicate that all of the zircons are homogeneous. If all data 
are averaged, an age of 2729±9 Ma is obtained. If statistic outliers 2.1 and 14.1 are 
rejected, the age becomes 2735±8 Ma (Fig. 3. lOc, Table 3.3). 
The age obtained for the Windaning Formation chert (93-1009) is 2794±14 Ma, within 
analytical uncertainties, the same as the ca. 2.8 Ga age obtained for this formation at 
Mount Magnet (Schi0tte and Campbell, 1996; Table 3.1), Meekatharra (this study, 
Section 3.4.1.) and Golden Grove (this study, Section 3.4.5.). The ca. 2710 to 2735 Ma 
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Fig. 3.10 Concordia plots of studied supracrustal rocks from the Mount Magnet area in the Meekatharra-
Wydgee greenstone belts and from the Abbotts greenstone belt. Individual analysis shown with la error 
bars. 
ages determined for the three two intrusions lie within the range of ca. 2703 and 2750 
Ma reported for the Mount Farmer Group and the porphyry intrusions in Mount Magnet 
area (Schi¢tte and Campbell, 1996) suggesting that they are synvolcanic intrusions 
associated with the formation of the Mount Farmer Group in this area. 
3.4.2 Abbotts greenstone belt 
The Abbotts greenstone belt forms a maJor synclinal structure to the NW of 
Meekatharra. It is surrounded by external granitoids and is intruded by a suite II internal 
16 
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Table 3.3 SHRIMP U-Pb zircon data obtained for the supracrustal rocks from the Mount Magnet area in 
the Meekatharra-Wydgee greenstone belt and from the Abbotts greenstone belt 
Site u Th Pb f206 716 age Disc. 
(ppm) (ppm) (ppb) (%2 208pb/206pb 206rbf23Su 201rbf23su 207pbf206pb (Ma)±l cr (%) 
93-1009 
1.1 164 158 19 0.36 0.1452±42 0.5048±119 13.33±0.38 0.1915±26 2755±22 -4 
1.2 J J9 99 31 0.80 O.J776±139 0.5015±244 13.43±0.83 0.1943±63 2779±54 -6 
2.1 204 181 6 0.11 0.1603±27 0.4731±137 12.72±0.39 0.1950±15 2785±13 -10 
2.2* 227 327 40 0.77 0.1055±55 0.3598±J36 9.40±0.41 0.1895±32 2738±28 -28 
3.1 * 92 61 12 0.40 O.J541±37 0.5343±J63 13.96±0.46 0.1894±16 2737±14 1 
3.2* J J 5 44 6 0.16 0.0889±21 0.5386±133 J4.07±0.44 O.J894±31 2737±27 2 
3.3 J38 53 3 0.06 0.0976±23 0.5025±107 13.39±0.33 0.1932±20 2770±17 -5 
4.1 80 40 3 0.10 0.1272±49 0.5348±181 14.69±0.55 0.1992±24 2820±20 -2 
5. J * 208 120 20 0.28 0.11 J2±34 0.5278±121 13.J8±0.34 0.181 J±J6 2663±J4 3 
6.1 * 135 J40 7 0.16 0.2590±67 0.5052±J59 J2.50±0.52 0.1795±41 2648±39 0 
7.J * 246 204 20 0.28 O.J J J7±67 0.4608±118 11.37±0.42 O.J790±42 2644±39 -8 
8.1 165 108 2 0.03 O. l 722±J6 0.5429±J40 J4.73±0.40 0.1968±J 1 2800±9 -0 
9.1 * 231 J06 71 0.79 0.0856±70 0.6162±313 J5.97±0.89 O.J880±32 2724±28 14 
10.1 93 49 12 0.42 0.1201±83 0.4663±306 12.50±0.94 0.1945±58 2780±50 -lJ 
10.2 84 55 7 0.25 O.J560+55 0.5066±253 13.79±0.77 0.1974±39 2805±32 -6 
11.1 * 168 352 15 0.32 0.1969±52 0.4402±160 13.03±0.51 0.2J47±22 2941±17 -20 
J2.1 208 76 7 0.10 0.0829±24 0.5359±130 14.40±0.40 O.J949±22 2784±19 - J 
13. J 66 23 16 0.70 0.0824±59 0.5632±177 15.75±0.60 0.2028±37 2849±30 1 
13.2* 286 20 11 0.12 0.0158±16 0.4899±224 13.81±0.66 0.2044±17 2862±14 -JO 
13.3 64 27 J3 0.61 0.1004±80 0.5260±197 14.66±0.65 0.2022±40 2844±32 -4 
14.1 * 83 45 7 0.28 0.1319±58 0.4626±133 11.92±0.39 0.1869±24 2715±21 -10 
14.2* 288 441 52 1.10 0.2799±106 0.2562±70 6.77±0.21 0.1917±21 2757±J8 -47 
J5. J * 81 61 7 0.29 0.2007±34 0.5023=200 J3.13±0.55 0.1896±17 2739±J4 -4 
93-1015 
1.1 158 71 92 2.8J O. lOJ J±57 0.4J74±84 10.66±0.37 0.1853±49 270J±44 -7 
1.2 315 187 189 3.76 0.1477±51 0.3205±39 8.53±0.19 0.1929±34 2767±30 -35 
2.1 216 106 162 4.30 0.0964±44J 0.3478±64 9.02±0.28 0.1880±42 2724±37 -29 
3.1* 212 95.5 J6 0.32 0.1221±116 0.4957±1124 J2.84±3.08 0.1879±91 2724±82 -5 
3.2 217 104 I 0.02 0.1280±109 0.4796±807 13.05±2.32 0.1973±82 2804±69 -10 
3.3* 287 141 46 0.87 0.1219±183 0.3772±1409 9.48±3.72 0.1822±150 2673±143 -23 
4.1 177 69 15 0.34 0.0988±31 0.4956±89 J2.64±0.27 0. J 849±18 2698±16 -4 
4.2 200 84 2J 0.44 O.J J94±36 0.4857±229 J2.51±0.63 0.1867±22 2714±20 -6 
4.3 J42 65 30 0.89 0.1200±41 0.4864±457 12.78±1.28 0.1906±47 2747±41 -7 
5.1 31 182 159 3.10 0.1458±52 0.3338±221 8.71±0.60 0.1893±24 2736±21 -32 
6.J 430 502 505 8.02 0.1962±66 0.2803±58 7.47±0.22 0.1933±36 2771±31 -42 
7.1 184 65 35 0.80 0.0828±34 0.4971±156 12.63±0.42 O.J843±16 2692±15 -3 
8.1 244 1J9 73 1.94 0.1298±44 0.3165±59 8.02±0.18 0.1837±21 2687±19 -34 
9.1 * 195 98 13 0.45 0.1415±38 0.3134±71 4.28±0.13 0.0990±18 1606±35 10 
10.1 151 81 58 1.81 0. J 311 ±5 J 0.4347±95 11.29±0.32 0.1884±28 2728±24 -15 
J 1.1 165 70 42 1.15 0.1220±46 0.4550±9J J 1.65±0.28 0.1857±20 2705±18 -11 
11.2 135 55 9 0.30 0.1180±57 0.4639±106 12.06±0.35 O.J885±30 2729±26 -JO 
J 1.3 119 48 74 2.42 0.11J6±68 0.5249±156 13.28±0.49 0.1835±35 2685±32 1 
J2.J JJ7 66 43 1.67 0.1345±98 0.4463±206 1 J .38±0.71 0.1850±67 2698±61 -12 
12.1 JOO 45 18 0.83 O.J J60±48 0.4507±116 11.61±0.35 O.J868±24 2714±21 -J2 
J 3.1 115 47 23 0.85 0.1106±46 0.4932±J46 13.05±0.43 0. J 918±22 2758±19 -6 
13.2 86 35 3 0.14 0.1145±45 0.4828±137 J2.26±0.43 0.184J±33 2690±30 -6 
14.1 95 28 30 1.53 0.0765±62 0.4216±137 10.60±0.40 0.1822±29 2673±26 -15 
14.2* 257 139 94 3.37 0.1476±62 0.2178±52 5.29±0.16 O.J761±29 2617±28 -51 
97-124 
1.1 75 46 3 O.J 7 0.1584±92 0.5325±184 13.73±0.61 0.1869±45 2716±40 1 
2.1 * 205 175 1 0.02 0.216J±44 0.5263±123 13.23±0.37 O.J823±22 2674±2J 2 
3.1 117 90 7 0.25 0.2151±43 0.5245±181 13.68±0.50 0.1892±16 2735±14 -1 
4.1 69 43 0 0.02 0.1658±23 0.5415±263 14.16±0.71 0.1896±17 2739±14 2 
5.1 J24 148 5 0.16 0.3357±31 0.5350±154 14.04±0.46 0.1904±23 2745±20 1 
6.1 79 52 0 0.02 0.183J±28 0.5404±122 14.09±0.35 0.1890±14 2734±12 2 
7.1 96 73 3 0.12 0.2056±67 0.4692±J04 12.J8±0.35 0.1883±29 2727±26 -9 
8.1 73 47 6 0.33 0.1595±56 0.5030±129 12.93±0.41 0.1865±29 2711±26 -3 
9.1 87 48 2 0.10 O.J434±57 0.5054±113 13.18±0.38 0.1891±30 2734±26 -4 
10.1 78 49 3 0.14 0.1696±36 0.5282±139 13.80±0.40 0.1896±17 2738±15 0 
I I. I 83 56 1 0.02 0.1864±51 0.5274±145 13.78±0.44 0.1895±25 2738±22 0 
12.1 112 61 5 O.J6 0.1578±55 0.5255±127 13.54±0.40 0.1869±28 2715±25 0 
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Table 3.3 (continued). 
Site u Th 204pb f206 7/6 age Disc. 
(ppm) (ppm) (ppb) {%} 208pbf206pb 206pbf238u 201Pbf23su 207pbf206pb (Ma)±l cr (%) 
97-124 
13.1 78 50 5 0.26 0.1686±48 0.5245±149 13.55±0.44 0.1874±23 2720±21 0 
14.1 * 106 67 5 0.19 0.1567±28 0.5373±125 13.64±0.35 0.1841±14 2691±13 3 
15.1 123 74 1 0.02 0.1625±24 0.5028±135 13.20±0.37 0.1904±13 2746±11 -4 
15.2 98 55 4 0.15 0.1567±41 0.5197±131 13.66±0.40 0.1906±22 2748±19 -2 
16.1 93 60 0 0.02 0.1712±25 0.5337±138 13.98±0.40 0.1899±17 2742±14 1 
17.1 79 43 2 0.08 0.1450±41 0.5612±246 14.43±0.67 0.1864±22 2711±19 6 
18.1 169 131 1 0.03 0.2079±27 0.5406±225 14.12±0.61 0.1894±15 2737±13 2 
19.1 118 74 3 0.12 0.1704±45 0.4986±106 13.15±0.34 0.1913±23 2753±20 -5 
20.1 108 73 4 0.14 0.1834±39 0.5393±122 13.93±0.36 0.1873±19 2719±17 2 
93-970 
1.1 * 257 122 4 0.04 0.1248±30 0.7206±193 30.36±0.91 0.3056±32 3499±16 0 
1.2* 310 162 23 0.26 0.1086±19 0.5947±138 23.51±0.58 0.2867±18 3400±10 -11 
1.3* 379 328 122 1.93 0.1801±40 0.3423±1017 11.06±3.30 0.2343±23 3082±16 -38 
1.4* 674 697 150 1.09 0.1883±24 0.4204±89 16.42±0.36 0.2832±13 3381±7 -33 
2.1 * 157 227 83 2.67 0.1534±66 0.4038±109 10.69±0.35 0.1919±30 2759±25 -21 
2.2 131 128 38 1.31 0.1227±67 0.4550±122 11.74±0.39 0.1872±30 2718±26 -11 
3.1 153 103 45 1.19 0.1575±70 0.5114±186 13.36±0.72 0.1895±67 2738±59 -3 
3.2 138 68 26 0.76 0.1377±39 0.5029±129 13.22±0.38 0.1906±19 2748±16 -4 
4.1 102 65 0 0.02 0.1842±35 0.4891±157 12.83±0.44 0.1903±18 2745±16 -6 
5.1 103 54 10 0.39 0.1455±42 0.5033±128 13.19±0.38 0.1901±21 2743±18 -4 
6.1 * 302 304 54 0.94 0.2154±34 0.3938±96 9.78±0.26 0.1801±16 2654±15 -19 
6.2 181 97 1 0.02 0.1464±28 0.4571±118 11.86±0.34 0.1881±17 2726±15 -11 
7.1 129 83 11 0.33 0.1782±33 0.5303±143 14.13±0.41 0.1932±17 2770±14 -1 
8.1 158 129 36 0.97 0.1692±41 0.4808±122 12.65±0.36 0.1908±20 2749±17 -8 
8.2 147 129 23 0.61 0.2321±46 0.5199±164 13.46±0.46 0.1878±19 2723±17 -1 
9.1 * 164 232 101 3.08 0.2629±71 0.4037±102 10.82±0.34 0.1945±29 2780±25 -21 
9.2* 175 216 83 2.30 0.1440±58 0.4192±105 10.99±0.33 0.1901±27 2743±24 -18 
10.1 120 68 20 0.66 0.1497±39 0.5165±131 13.64±0.40 0.1915±21 2755±18 -3 
11.1 206 129 4 0.08 0.1766±23 0.5007±117 13.21±0.34 0.1914±15 2754±12 -5 
12.1 140 65 3 0.10 0.1282±34 0.5025±159 13.10±0.45 0.1891±19 2734±17 -4 
13.1 110 79 29 1.09 0.1913±53 0.4935±138 12.94±0.42 0.1902±24 2744±21 -6 
14.1 114 57 1 0.03 0.1387±29 0.5266±141 13.96±0.41 0.1923±18 2762±16 -1 
15.1 112 69 16 0.55 0.1475±41 0.5235±128 13.78±0.39 0.1909±21 2750±18 -1 
16.1 * 71 53 21 1.81 0.1823±108 0.3422±132 8.81±0.43 0.1866±48 2713±43 -30 
93-971 
1.1 * 50 32 11 0.80 0.1609±49 0.5465±156 13.80±0.46 0.1831±26 2681±23 5 
1.2 57 31 3 0.24 0.1470±35 0.5393±186 14.10±0.53 0.1896±20 2739±17 2 
2.1 * 200 186 304 6.25 0.3024±63 0.4751±84 14.10±0.34 0.2153±30 2946±23 -15 
3.1 104 85 62 2.30 0.2085±62 0.5224±122 13.73±0.40 0.1906±28 2747±25 -1 
4.1 82 45 36 1.74 0.1379±54 0.5155±150 13.24±0.45 0.1862±26 2709±23 -1 
5.1 202 131 81 1.59 0.1779±31 0.5170±100 13.62±0.29 0.1910±14 2751±12 -2 
6.1 116 67 22 0.72 0.1466±30 0.5322±123 13.68±0.35 0.1865±15 2711±14 2 
6.2 135 85 3 0.10 0.1712±19 0.5314±146 13.89±0.41 0.1895±15 2738±13 0 
7.1 99 58 29 1.10 0.1407±48 0.5416±132 13.92±0.40 0.1864±23 2711±20 3 
7.2 91 52 8 0.35 0.1555±39 0.5280±573 13.72±1.50 0.1884±21 2728±19 0 
8.1 73 54 18 0.93 0.1903±48 0.5542±128 14.25±0.39 0.1864±23 2711±21 5 
9.1 * 107 92 39 1.37 0.2156±48 0.5522±139 13.94±0.41 0.18311'23 2681±21 6 
10.1 65 42 9 0.54 0.1797±56 0.5150±181 13.17±0.52 0.1855±26 2703±23 -1 
10.2 74 49 12 0.64 0.1750±40 0.5397+163 14.10±0.48 0.1894±22 2737±20 2 
11.1 * 71 39 24 1.28 0.1248±52 0.5448±128 13.78±0.40 0.1834±27 2684±24 4 
12.1 * 157 85 28 0.67 0.1354±25 0.5560±105 14.12±0.30 0.1842±13 2691±11 6 
12.2 212 103 19 0.35 0.1312±17 0.5324±141 13.83±0.39 0.1884±12 2728±10 1 
13.1 123 94 5 0.15 0.2110±34 0.5744±163 15.14±0.46 0.1912±16 2753±13 6 
14.1 * 105 94 11 0.39 0.2438±31 0.5358±157 14.19±0.44 0.1921±12 2761±10 0 
15.1 * 259 230 1616 21.8 0.2416±90 0.4655±124 13.11±0.45 0.2042±38 2860±31 -14 
16.1 79 55 18 0.89 0.1883±40 0.5337±172 14.06±0.50 0.1911±21 2751±18 0 
17.1 * 205 199 413 7.81 0.3035±69 0.4943±142 14.23±0.48 0.2088±29 2896±23 -11 
18.1 76 44 4 0.24 0.1545±28 0.5151±150 13.39±0.42 0.1885±16 2729±14 -2 
19.l 112 55 8 0.29 0.1300±25 0.5323±150 13.74±0.41 0.1873±14 2718±12 1 
20.1 102 62 12 0.48 0.1608±36 0.5079±159 12.99±0.45 0.1856±20 2703±18 -2 
21.1 112 80 10 0.38 0.1971±35 0.5130±190 13.50±0.54 0.1909±21 2750±18 -3 
22.1 157 150 70 1.74 0.2626±41 0.5226±144 13.80±0.42 0.1916±19 2756±16 -2 
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Table 3.3 (continued). 
Site u Th zo4pb f206 716 age Disc. 
(ppm) (ppm) (ppb) {%2 208pb/206pb 206pbf238u 201Pbt23su 207 Pbt206pb (Ma)±l cr (%) 
93-971 
23.1 217 134 68 1.24 0.1662±27 0.5208±138 13.65±0.39 0.1901±16 2743±14 -2 
24.l 96 66 7 0.26 0.1853±45 0.5518±188 14.40±0.55 0.1893±26 2736±22 4 
25.l 66 37 9 0.54 0.1406±75 0.5371±178 14.06±0.56 0.1899±34 2741±30 1 
26.1 79 52 9 0.47 0.1804±40 0.5307±156 13.76±0.44 0.1880±19 2725±16 1 
27.1 100 54 9 0.33 0.1451±27 0.5630±176 14.65±0.49 0.1887±15 2731±13 5 
28.1 * 131 117 8 0.26 0.2490±23 0.5113±154 13.54±0.43 0.1921±13 2760±11 -4 
29.l * 56 41 2 0.14 0.2051±34 0.5319±230 14.16±0.64 0.1931±18 2769±16 -1 
30.1 60 34 3 0.20 0.1568±36 0.5494±119 14.42±0.38 0.1904±23 2746±20 3 
31.1 59 34 6 0.40 0.1578±42 0.5365±141 14.02±0.41 0.1895±20 2738±18 1 
32.1 157 131 7 0.17 0.2330±21 0.5385±90 14.02±0.26 0.1888±11 2732±10 2 
33.1 * 66 40 82 4.64 0.1181±181 0.5264±212 12.96±0.87 0.1786±88 2640±84 3 
34.l 117 85 2 0.07 0.1984±27 0.5229±130 13.60±0.37 0.1887±15 2731±13 -1 
35.l 107 68 15 0.52 0.1693±26 0.5513±123 14.35±0.35 0.1888±14 2732±12 4 
36.1 69 42 13 0.71 0.1571±37 0.5568±147 14.27±0.42 0.1858±19 2706±17 5 
37.1 227 122 6 0.10 0.1474±13 0.5454±85 14.23±0.24 0.1892±9 2735±8 3 
38.l * 140 75 10 0.27 0.1502±21 0.5551±100 14.78±0.29 0.1930±13 2768±11 3 
39.1 112 85 14 0.47 0.2084±26 0.5563±126 14.56±0.36 0.1898±14 2740±12 4 
40.l* 56 32 13 0.89 0.1435±54 0.5413±123 13.68±0.39 0.1832±26 2683±24 4 
41.1 * 94 81 10 0.40 0.2303±30 0.5461±123 13.94±0.36 0.1851±18 2699±17 4 
42.l 152 128 4 0.11 0.2312±26 0.5525±93 14.54±0.27 0.1908±11 2749±10 3 
96-623 
1.1 91 57 11 0.49 0.1697±46 0.5119±120 13.42±0.37 0.1901±22 2743±19 -3 
2.1 50 30 11 0.90 0.1585±85 0.4875±139 12.80±0.48 0.1904±40 2746±35 -7 
3.1 71 73 20 1.23 0.2227±71 0.4733±152 12.45±0.47 0.1909±31 2750±27 -9 
4.1 101 51 1 0.06 0.1444±27 0.5025±104 13.48±0.31 0.1945±15 2781±13 -6 
5.1 68 43 11 0.73 0.1596±72 0.4687±116 12.15±0.39 0.1880±34 2725±30 -9 
6.1 78 42 10 0.52 0.1323±80 0.4998±126 13.10±0.46 0.1901±40 2743±35 -5 
7.1 82 54 16 0.72 0.1797±59 0.5452±116 14.29±0.39 0.1902±28 2744±24 2 
8.1 48 28 6 0.54 0.1511±104 0.5134±152 13.63±0.57 0.1926±50 2764±44 -3 
9.1 41 31 9 0.90 0.2125±88 0.5107±179 13.74±0.59 0.1952±41 2786±35 -4 
10.l 108 98 4 0.14 0.2503±71 0.5075±144 13.60±0.47 0.1944±32 2780±28 -5 
11.1 * 226 458 589 1.28 0.2761±156 0.3669±69 9.55±0.40 0.1889±66 2732±58 19 
12.1 49 25 13 1.07 0.1392±94 0.5017±176 13.31±0.60 0.1924±47 2763±40 -5 
13.l 95 60 15 0.63 0.1643±57 0.5199±121 13.63±0.39 0.1901±26 2743±23 -2 
14.1 74 32 20 1.07 0.1089±97 0.5079±154 13.42±0.56 0.1916±47 2756±41 -4 
15.l 93 72 7 0.31 0.2084±61 0.4762±123 12.74±0.40 0.1940±28 2776±24 -10 
16.l 82 53 4 0.19 0.1812±54 0.5155±153 13.54±0.46 0.1904±26 2746±22 -2 
17.1 138 108 17 0.53 0.2077±62 0.4844±135 12.71±0.43 0.1903±29 2745±25 -7 
18.l * 74 116 89 5.48 0.1842±129 0.4313±105 11.79±0.47 0.1982±56 2812±47 22 
19.1 152 142 8 0.21 0.2570±38 0.5365±106 14.29±0.32 0.1933±17 2770±14 0 
20.l 68 36 14 0.80 0.1407±60 0.5126±139 13.53±0.44 0.1914±28 2755±24 -3 
21.1 72 54 22 1.24 0.1962±72 0.5151±116 13.36±0.40 0.1881±31 2725±28 -2 
22.l 71 41 13 0.78 0.1472±68 0.4995±135 13.08±0.43 0.1900±30 2742±26 -5 
23.1 53 30 23 1.74 0.1330±132 0.5074±197 13.07±0.69 0.1869±59 2715±53 -3 
24.1 85 44 18 0.89 0.1301±55 0.5020±166 13.05±0.49 0.1885±26 2730±23 -4 
25.l 63 34 11 0.72 0.1468±66 0.5052±166 13.35±0.52 0.1917±33 2757±28 -4 
26.1 59 38 20 1.38 0.1581±71 0.5024±214 12.85±0.61 0.1856±31 2703±28 -3 
27.1 51 24 22 1.70 0.1037±89 0.5255±149 13.16±0.53 0.1816±46 2668±43 2 
28.1 53 25 13 0.98 0.1214±137 0.5145±189 13.62±0.70 0.1920±60 2759±53 -3 
29.l 84 61 22 1.11 0.1826±75 0.4934±118 12.82±0.41 0.1884±35 2729±31 -5 
30.1 71 44 23 1.35 0.1442±64 0.4941±128 12.68±0.40 0.1861±29 2708±26 -4 
Notes: 1 - All ratios involving Pb refer to radiogenic Pb. Quoted uncertainties (la) are the standard error 
of the mean and refer to the last digits. 2 - Analyses with asterisks were regarded as outliers and rejected 
when calculating the weighted means of the samples. 3 - f2Q6 (%) denotes percent of common 206pb in 
the total measured 206Pb. 4 - Disc. (% )=(206pbJ238u age I 207pbJ235u age - 1 )* 100%. 
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granite at its northern end (Fig. 3.1 and 3.4). This greenstone belt is separated from the 
Meekatharra-Wydgee greenstone belt by an external corridor of gneiss (Fig. 3.1 and 
3.4). All of the supracrustal rocks developed in the Abbotts greenstone belt were 
assigned to the Gabanintha Formation by Watkins and Hickman, (1990a, b). It consists 
of a succession of interlayered tholeiitic and high-Ma basalt overlain by intermediate to 
felsic volcanic and volcanogenic sedimentary rocks, which are dominantly schistose 
andesite, rhyolite tuff and fine-grained sediments, with minor conglomerates. The 
facing of the greenstone sequences is suggested to be eastward by Elias et al. (1982). A 
series gabbro and dolerite sills intruded the Abbotts greenstone belt at the contact 
between the mafic and felsic volcanic sequences (Elias et al., 1982; Fig. 3.4). Four 
felsic volcaniclastic rocks collected - 5 km NE of the Mount Obal were dated (Fig. 
3.4). An attempt was also made to date the gabbro sills. However, neither baddeleyites 
nor zircons were extracted from these rocks (Appendix D). 
Sample 93-970 is a clast-bearing felsic crystal tuff with plagioclase as predominant 
phenocrysts and some rare ferromagnesian grains (replaced by chlorites), set in a fine-
grained quartz-feldspar matrix. It was collected in the central southern end of the 
greenstone belt (Fig. 3.4). The zircon population consists of pink, equant to stubby 
single crystals and fragments with rare grains that show zoning. One xenocryst was 
found which gave ages between 3082 and 3500 Ma (Fig. 3. lOd, Table 3.3). The only 
concordant analysis of this grain gave an age of 3499±32 Ma (Fig. 3.lOd). All of the 
other zircons form a homogeneous population which has an age 2744±8 Ma. This age is 
calculated from 15 concordant analyses of 12 grains. Discordant analyses 2.1, 6.1, 9.1, 
9.2, and 16.1 were rejected as outliers (Fig. 3.lOd, Table 3.3). 
93-971 is from the same sample as 93-970 but from the part of the sample with the 
largest clasts. The zircons are pink, subhedral to euhedral, prismatic and equant with 
rare grains showing oscillatory zoning (Fig. 3.5e). Two populations were found in this 
rock. A ca. 2.9 Ga xenocrystic population (2.1, 15.1 and 17.1) which occur both as 
discrete grains and old cores, and a homogeneous ca. 2. 7 Ga population of single 
crystals and fragments. The weighted mean age of forty-four analyses obtained from 38 
grains of the younger population is 2734±4 Ma. After rejecting the outliers ( 1.1, 9 .1, 
11.1, 12.1, 14.1, 28.1, 29.1, 33.1, 38.1, 40.1and41.1) that are lie beyond 2cr level, the 
weighted mean is 2734±5 Ma (Fig. 3. lOe, Table 3.3). 
Sample 96-623 is a coarse-grained felsic crystal tuff that contains mainly feldspar and 
quartz with minor amphibole, with lithic clasts up to 1 cm in length of similar 
composition. This rock is the least altered of the four analysed samples from the 
Abbotts greenstone belt. The zircons are light pink, subhedral to euhedral single crystals 
and fragments, generally without obvious zoning. Thirty analyses were carried out on 
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28 grains. If discordant grains 11.1, and 18.1 are rejected, the weighted mean age for 
this sample is 2750±9 Ma (Fig. 3.lOf, Table 3.3). 
With the exception of sample 96-971, which has an age of 2734±5 Ma, all of the other 
samples from the Abbotts greenstone belt have ages that agree, within analytical error, 
at ca. 2.75 Ga. Because it is the least altered, the 2750±9 Ma age obtained from 96-623 
is taken as the deposition age of the felsic tuffs in the area to the east of Mount Obal 
(Fig. 3.4). This age is appreciably younger than the age of ca. 2820 Ma obtained for the 
Gabanintha Formation in the type area near Gabanintha Mine (Fig. 3.4 ). It does, 
however, correlate with greenstones classified as Gabanintha Formation by Watkins and 
Hickman (1990a, b) at Wattagee Hill (this study) and Emily Well (Pidgeon and 
Hallberg, in press) in the Meekatharra Wydgee greenstone belt, with the Dalgaranga 
greenstone belt (Pidgeon and Hallberg, in press), and with the Murrouli Basalt. All of 
these greenstones belong to Assemblage 3 of Hallberg et al. (personal communication, 
1997; see also Pidgeon and Hallberg, in press), providing further conformation of the 
Hallberg et al.'s nomenclature. 
3.4.3 Weld Range greenstone belt 
The Weld Range greenstone belt is a synform with a SE-NW trending axis (Fig. 3.8) 
that joins the Meekatharra-Wydgee greenstone belt between Ninden Hill (27°10' 45", 
117°57'30") and Cuddingwarra (27°22'00", 117°45'15") (Watkins et al., 1987). The 
stratigraphic units recognised in this greenstone belt by Watkins and Hickman (1990a, 
b ), are the Gabanintha and Windaning Formations of the Luke Creek Group, and the 
Mindoola Formation of the Mount Farmer Group (Fig. 3.8). The Gabanintha Formation 
consists mainly of tholeiitic basalt, amphibolite (metamorphosed spinifex-basalt), and 
felsic volcanic and volcanogenic rocks. Near the Mindoolah mining centre (26°57'00", 
117°28 '30"), at the northwestern end of the Weld Range, and along the northern edge of 
the Weld Range, felsic porphyries intrude mafic volcanic rocks. These porphyries are 
associated by minor amount of volcanogenic sedimentary rocks. To the east of 
Madoonga, an unexposed triangular-shaped ultramafic intrusion was found in drilling 
(Fig. 3.8, Elias et al., 1982). The Weld Range is the prominent topographic feature in 
the greenstone belt and it is composed of banded iron-formation and dolerite sheets, 
which trend NE-SW (Fig. 3.8). The jaspelitic character of the banded iron-formation 
lead Watkins and Hickman ( 1990a, b) to assigned this sequence to the Windaning 
Formation. The Mindoola Formation, which occupies the core of the synform, is a 
sequence of interlayered tholeiitic and high-Mg basalts, with minor ultramafic, felsic 
volcanic and sedimentary rocks (Fig. 3.8). It has been suggested that there is a 
stratigraphic break or a paraconformity between the Mindoola and the underlying 
(Windaning Formation) banded iron formation (Watkins et al., 1987). A felsic porphyry 
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from the Gabanintha Formation of Watkins and Hickman ( l 990a, b) and a felsic 
volcanic rock, collected from the Weld Range greenstone belt, were dated in this study. 
Sample 96-633 is a felsic porphyry collected from the northern edge of the Weld 
Range, - 7.5 km SW of the Madoonga homestead (Fig. 3.8). The rock contains 
corroded quartz and strongly saussuritised feldspar phenocrysts in a grey-green 
coloured fine-grained quartz-feldspar groundmass. The zircons are dominantly zoned 
euhedral prisms with abundant inclusions (Fig. 3.5f). Cathodoluminescence images 
indicate the existence of old zircon cores. One zircon core ( 4.2), which contains very 
high common Pb (204pb= 1799 ppb ), gave an age 3184 Ma. However, it has very large 
uncertainties in its Pb/U and Pb/Pb ratios (Table 3.4) and a huge 207pb/206pb age error 
of ±130 Ma (1 cr). The remainder of the analysed zircons forms a homogenous 
population (Fig. 3.lla, Table 3.4). The age of 2976±4 Ma, which was calculated from 
thirty-two concordant analyses, is interpreted as the best estimate age of the 
crystallisation of this rock. Analysis 4.2 is not shown on the concordia plot of this 
sample because of the large uncertainty in its Pb/U ratios (Table 3.4). 
Sample 96-120 felsic crystal tuff collected from the Weld Range, - 4 km S of the 
Madoonga homestead (Fig. 3.8). It contains mainly of quartz crystals, generally 0.1-0.2 
mm in length, with minor amounts of feldspar and lithic clasts. The zircons show a 
complicated growth history by cathodoluminescence images and SHRIMP dating. 
Basically, there are three zircon populations in this sample with ages of ca. 3.2, 2.9 and 
2.7 Ga. Representative zircons from this rock are shown in Figure 3.5g. Zircons from 
the oldest group are light pink, subhedral, stubby prisms without obvious zoning. Four 
analyses performed on two individual grains gave ca. 3.2 Ga ages. An age of 3263±9 
Ma was calculated from three of analyses (3.1, 3.2, and 13.1) after rejecting 3.3 as an 
outlier (Fig. 3.1 lb, Table 3.4). The 2.9 Ga zircons are pink, subhedral to euhedral and 
stubby. Zircons of this age appear as discrete crystals (grains 1, 2, 4) and old cores 
(14.2). Except for 14.2, which contains a high U content and is highly discordant, the 
ten analyses on this population zircons (1.1, 2.1, 2.2, 4.1, 4.2, 4.3, 4.4, 4.5, 4.6 and 4.7) 
gave an age of 2920±13 Ma (Fig. 3.1 lb, Table 3.4). This age becomes 2927±9 Ma if 
two reversely discordant analyses (4.1, 4.4) are rejected (Fig. 3.1 lb, Table 3.4). The ca. 
2.7 Ga zircons form the main population in this sample. They are light pink, sharp 
euhedral, zoned prisms. An age of 2726±20 Ma was calculated from fifteen near 
concordant analyses from a total of seventeen measurements. Strongly discordant 
analyses 12.1 and 14.1 were rejected. The best estimate of the age of this zircon 
population was obtained by rejecting five additional outliers (5.3, 5.4, 9 .1, 10.1 and 
11.1). They have relatively higher U, high common Pb contents and 207pb;206pb ages 
that are distinguishable from the weighted mean age of 2752±9 Ma at the 2cr level (Fig. 
3.11 b, Table 3.4). The 2752±9 Ma age is interpreted to be the deposition age of this 
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Fig. 3.11 (Continued). 
tuff. It is suggested that the 3263±9 and 2927±9 Ma ages date xenocrystic zircon 
populations. 
The age of 2976±4 Ma obtained for a Gabanintha Formation felsic porphyry (96-633) is 
the oldest age obtained for a volcanic or subvolcanic rock from the Murchison. It is -
20 Ma older than the ca. 2.95 Ga Gabanintha Formation volcanic and volcanogenic 
sedimentary sequences of the Golden Grove area, and - 40 Ma older than those in Mt 
Gibson area. These are the only regions that have the ages of ca. 2.9 to 3.0 Ga predicted 
by Watkins and Hickman (1990a, b) for the Gabanintha Formation. Both samples from 
the Weld Range area contain very old xenocrysts with ca. 3.2 Ga ages, suggesting that 
an old sialic basement could underlie the greenstone sequences in this area. 
As previously mentioned, banded-iron-formation in Weld Range greenstone belt was 
assigned to Windaning Formation by Watkins and Hickman (1990a, b), based on the 
similarity between the Weld Range jaspelites and the jaspelitic BIF units seen 
elsewhere in the Windaning Formation. If this correlation is correct, the Weld Range 
jaspelites should have an age of ca. 2.8 Ga, the age of the Windaning Formation in the 
Meekatharra and Mount Magnet areas. The age of 2752±9 Ma, determined in this study, 
is inconsistent with the correlation proposed by Watkins and Hickman (1990a, b ). This 
section of the Weld Range greenstones does, however, correlate with the ca. 2.75 Ga 
greenstones of Abbotts greenstone belt and with the Murrouli Basalt on the western side 
of the Mount Magnet Shear Zone in Meekatharra area. All of these greenstones are 
assigned to Assemblage 3 of Hallberg et al. (personal communication, 1997; Pidgeon 
and Hallberg, in press). Therefore, the assignment of Weld Range BIF units to 
Assemblage 2 by Hallberg (personal communication, 1997; see also Pidgeon and 
Hallberg, in press). is improper. Attempts at dating Mindoola Formation, in the central 
part of the Weld Range syncline (Watkins and Hickman, 1990a, b), were unsuccessful. 
They must, however, be younger than the 2752 Ma obtained for the Weld Range 
jaspelites and are probably about ca. 2.7 Ga in age. 
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Table 3.4 SHRIMP U-Pb zircon data obtained for the supracrustal rocks from the Weld Range greenstone 
belt 
Site u Th Pb f206 716 age Disc. 
(ppm) (ppm) (ppb) {%1 208pb;206pb 206pbf238u 20?pb;23su 207 Pbf206pb (Ma)±lCT (%) 
96-633 
1.1 330 219 9 0.11 0.1327±33 0.5046±107 15.18±0.36 0.2181±18 2967±14 -11 
2.1 136 73 8 0.21 0.1189±33 0.5609±149 16.91±0.48 0.2186±15 2970±11 -3 
3.1 313 485 26 0.31 0.1695±19 0.5415±85 16.65±0.28 0.2229±11 3002±8 -7 
4.1 138 94 18 0.48 0.1224±26 0.5706±122 17.23±0.40 0.2190±14 2973±10 -2 
4.2* 239 140 1799 20.6 0.2364±575 0.6041±190 20.81±1.80 0.2498±196 3184±130 -4 
5.1 195 115 8 0.14 0.1266±18 0.5694±112 17.08±0.35 0.2176±10 2963±7 -2 
6.1 172 106 13 0.26 0.1585±28 0.5889±115 18.07±0.39 0.2225±15 2999±11 0 
7.1 138 60 17 0.41 0.1205±28 0.6129±131 18.61±0.43 0.2202±15 2982±11 3 
8.1 213 172 53 0.84 0.1506±28 0.6110±119 18.65±0.44 0.2214±25 2991±18 3 
9.1 203 116 10 0.18 0.1537±16 0.5778±118 17.48±0.38 0.2194±11 2976±8 -1 
10.1 174 75 8 0.17 0.1133±17 0.5914±134 17.90±0.43 0.2195±12 2977±9 1 
11.1 227 438 30 0.49 0.1457±45 0.5689±114 17.32±0.39 0.2209±16 2987±12 -3 
12.1 213 162 51 0.89 0.1575±30 0.5568±137 17.03±0.44 0.2218±12 2994±9 -5 
13.1 265 140 37 0.56 0.1417±16 0.5179±101 15.73±0.32 0.2203±10 2983±7 -10 
14.1 172 65 5 0.10 0.1001±25 0.5990±221 17.93±0.69 0.2171±16 2959±12 2 
15.1 211 109 18 0.28 0.1244±38 0.6166±167 18.89±0.57 0.2222±23 2997±17 3 
16.1 120 49 14 0.38 0.1140±28 0.6234±132 18.81 ±0.44 0.2188±16 2972±12 5 
16.2 166 76 17 0.39 0.1169±21 0.5492±121 16.63±0.39 0.2196±12 2978±9 -5 
17.l 115 38 9 0.28 0.0887±25 0.5605±128 16.91±0.42 0.2188±17 2972±12 -4 
18.1 145 63 11 0.29 0.1100±37 0.5313±112 16.26±0.40 0.2219±23 2995±17 -8 
19.1 80 31 11 0.49 0.0992±32 0.5725±138 17.31±0.46 0.2193±19 2976±14 -2 
20.1 62 23 12 0.73 0.0974±57 0.5614±143 16.89±0.50 0.2183±26 2968±20 -3 
21.1 111 76 17 0.55 0.1857±24 0.5710±189 17.02±0.59 0.2161±14 2952±11 -1 
22.1 221 115 42 0.70 0.1286±16 0.5610±167 16.97±0.52 0.2194±9 2976±7 -4 
23.1 190 94 11 0.21 0.1272±15 0.5495±103 16.67±0.33 0.2201±9 2981±7 -5 
24.1 216 132 13 0.22 0.1536±22 0.5649±110 16.95±0.37 0.2176±18 2963±13 -3 
25.1 126 67 20 0.57 0.1187±28 0.5670±127 17.06±0.41 0.2182±16 2967±12 -2 
26.1 159 50 15 0.35 0.0872±23 0.5551±182 16.66±0.57 0.2176±13 2963±10 -4 
27.1 183 83 9 0.19 0.1199±25 0.5584±136 16.85±0.44 0.2188±16 2972±12 -4 
28.1 147 60 16 0.40 0.1118±24 0.5626±117 16.95±0.39 0.2185±15 2970±12 -3 
29.1 183 87 10 0.20 0.1267±14 0.5607±126 16.86±0.39 0.2181±9 2967±7 -3 
30.1 160 73 8 0.17 0.1152±26 0.5717±123 17.24±0.40 0.2187±14 2971±10 -2 
31.1 208 165 1 0.02 0.1601±23 0.5485±111 16.73±0.37 0.2212±13 2989±10 -6 
96-120 
1.1 * 366 130 51 0.57 0.1049±61 0.5114±133 15.08±0.58 0.2139±53 2935±41 -9 
2.1 * 107 99 10 0.36 0.2439±59 0.5224±142 15.43±0.48 0.2142±25 2937±19 -8 
2.2* 89 68 12 0.49 0.1909±50 0.5675±160 16.85±0.54 0.2153±26 2946±20 -2 
3.1 * 160 183 28 0.55 0.3051±53 0.6674±209 24.06±0.82 0.2614±25 3255±15 1 
3.2* 132 166 16 0.38 0.3317±43 0.6861±155 24.82±0.61 0.2623±20 3261±12 3 
3.3* 147 125 38 0.88 0.2281±114 0.6135±149 21.25±0.67 0.2512±43 3192±27 -3 
4.1* 45 28 10 0.76 0.1688±88 0.6285±285 18.34±0.96 0.2117±43 2918±34 8 
4.2* 122 49 15 0.45 0.1038±66 0.5617±306 16.51±0.97 0.2131±36 2930±27 -2 
4.3* 110 70 3 0.11 0.1777±52 0.5605±165 16.32±0.56 0.2112±30 2915±23 -2 
4.4* 123 83 14 0.39 0.1566±35 0.6102±125 17.45±0.41 0.2074±20 2885±15 6 
4.5* 89 61 0 0.02 0.1855±36 0.5818±142 17.21±0.48 0.2146±24 2940±18 1 
4.6* 113 76 14 0.48 0.1703±46 0.5584±113 16.29±0.39 0.2116±23 2918±17 -2 
4.7* 150 136 3 0.06 0.2375±36 0.5684±107 16.54±0.36 0.2111±19 2914±14 0 
5.1 385 171 10 0.10 0.1125±47 0.5221±120 13.61±0.37 0.1890±23 2734±20 -1 
5.2 505 220 17 0.14 0.1175±24 0.4953±146 13.15±0.41 0.1925±12 2764±10 -6 
5.3* 497 247 96 0.80 0.1167±27 0.5004±73 12.20±0.23 0.1768±19 2623±18 0 
5.4* 707 318 41 0.26 0.0970±22 0.4765±60 11.96±0.18 0.1820±13 2671±12 -6 
6.1 261 112 8 0.13 0.0947±70 0.5137±127 13.32±0.45 0.1881±39 2725±34 -2 
7.1 332 154 16 0.19 0.1031±47 0.5119±149 13.19±0.46 0.1869±30 2715±26 -2 
7.2 378 153 13 0.13 0.0942±44 0.5485±83 14.45±0.28 0.1911±20 2752±18 2 
7.3 365 148 6 0.07 0.0955±21 0.5454±83 14.26±0.35 0.1896±34 2739±30 2 
8.1 310 123 3 0.04 0.0885±14 0.5540±94 14.61±0.26 0.1912±9 2753±8 3 
9.1 * 574 312 10 0.06 0.1332±17 0.5350±109 13.87±0.30 0.1881±9 2725±8 l 
10.1 * 649 312 19 0.11 0.1250±16 0.5602±114 14.42±0.31 0.1867±10 2714±8 6 
11.1 * 741 287 20 0.11 0.0880±22 0.5257±103 12.92±0.38 0.1783±36 2637±34 3 
12.1 * 696 400 300 3.09 0.1960±58 0.2813±96 6.84±0.26 0.1763±21 2619±20 -39 
13.l * 870 475 45 0.18 0.1306±24 0.5858±156 21.34±0.61 0.2642±22 3272±13 -9 
14.1 * 482 164 16 0.23 0.0974±21 0.3010±58 7.95±0.20 0.1917±27 2756±24 -39 
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Table 3.4 (continued). 
Site u Th Pb f206 716 age Disc. 
(ppm) (ppm) (ppb) (%) 208pb;206pb 206Pb/23s0 201Pb!23su 207 Pb;206pb (Ma)±lCT (%) 
96-120 
14.2* 1028 347 55 1.12 0.1480±37 0.0988±19 2.68±0.06 0.1968±16 2800±13 -78 
15.1 465 232 4 0.03 0.1324±59 0.5044±254 12.95±0.78 0.1863±50 2709±45 -3 
15.2 566 309 2 0.02 0.1446±23 0.5008±116 13.30±0.35 0.1927±20 2765±17 -5 
16.1 502 236 2 0.02 0.1254±73 0.5082±159 13.40±0.62 0.1912±59 2752±51 -4 
Notes: 1 - All ratios involving Pb refer to radiogenic Pb. Quoted uncertainties (lcr) are the standard error 
of the mean and refer to the last digits. 2 - Analyses with asterisks were regarded as outliers and rejected 
when calculating the weighted means of the samples. 3 - f206 (%) denotes percent of common 206pb in 
the total measured 206Pb. 4 - Disc. (% )=(206pb;238u age I 207pb;235u age - I)* 100%. 
3.4.4 Dalgaranga greenstone belt 
The Dalgaranga greenstone belt is located in the central part of the Murchison Province, 
lying between the Meekatharra-Wydgee and the Y algoo-Singleton greens tone belts 
(Fig. 3.1 and 3.12). According to Watkins and Hickman (1990a, b) the Luke Creek 
Group in the Dalgaranga greenstone belt consists of amphibolites, mafic and felsic 
volcanic and volcanogenic sedimentary rocks which are assigned to the Gabanintha 
Formation, and BIF and felsic pelitic sedimentary rocks which are assigned to the 
Windaning Formation. The component of the Mount Farmer Group developed in the 
belt is the Dalgaranga Formation. It is interpreted as a - 1 km thick felsic volcanic and 
volcanogenic sedimentary sequence, consisting of dacite and rhyolite tuff overlain by 
sandstones and conglomerates that contain rounded lithic fragments of dacite and 
rhyolite tuff (Watkins and Hickman, 1990b; Fig. 3.2). The greenstones underwent 
predominantly greenschist to lower-amphibolite facies metamorphism, and are intruded 
by a series of gabbro sills known as the Dalgaranga Gabbroid Complex (Watkins et al., 
1987; Watkins and Hickman, 1990a) which disrupt and thickened the greenstone 
sequence (Fig. 3.12). The dominant structure in the Dalgaranga greenstone belt is a 
synform with NE-SW trending axis (Fig. 3.12). Three samples of felsic tuffs from near 
the top of the Dalgaranga Formation were collected for analyses. 
Sample 96-640 is a foliated recrystallised felsic tuff with quartz, feldspar and amphibole 
phenocrysts set in a quartz-feldspar groundmass. It was collected - 2 km north of 
Prospect Bore (Fig. 3.12). Zircons separated from this sample are pale-pink to pale-
brown and can be divided into three populations. Zircons from the oldest population are 
generally zoned prismatic crystals with rounded edges (Fig. 3.13). An age of 3049±4 
Ma was obtained from five analyses on four grains (16.1, 19.1, 24.1 and 27.1; Fig. 
3.1 lc, Table 3.5 ). The second population zircons are prismatic or equant, also with 
rounded edges and typically do not show obvious internal zoning (Fig. 3.13). Fourteen 
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analyses from thirteen grains gave an age of 2982±8 Ma (Fig. 3.1 lc, Table 3.5). Eight 
concordant analyses of the youngest zircon group (4.1, 5.1, 11.1, 12.1, 14.1, 18.1, 22.1 
and 29.1) gave an age of 2707±10 Ma (Fig. 3.1 lc, Table 3.5). These grains are 
euhedral, prismatic with well developed zoning (Fig. 3.13). Analyses 9.1, 15.1, 26.1 and 
28.1 were rejected due to their discordance (Fig. 3.1 lc, Table 3.5). Based on the 
morphological characters of the three zircon populations, the youngest age of 2707±10 
Ma is taken as the crystallisation age of this tuff, and the older ages of 2982±8 and 
3049±4 Ma as the age of xenocrysts. An alternative explanation, that ca. 2.9 Ga is the 
crystallisation age of this rock, and the younger ca. 2.7 Ga age is the timing of a later 
event which reset the isotopic system in the ca. 2.9 Ga zircons, is inconsistent with the 
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Fig. 3.13 Photomicrographs (transmitted light) of representative zircons in the samples from the 
Dalgaranga greenstone belt, showing the morphological differences between the ca. 2. 70 Ga main 
population and the two xenocrystic populations. 
observed stratigraphy (Watkins and Hickman, 1990b) as discussed in later text. 
Sample 97-125 is a felsic crystal tuff collected - 3 km west of the Prospect Bore (Fig. 
3.12). The rock is amphibole-phyric with minor quartz and feldspar phenocrysts in a 
fine-grained matrix of quartz-feldspar and amphibole. The phenocrysts are generally 
disseminated but can also form ocelli that can be a few centimetres in diameter. Two 
broad zircon populations were observed in this sample. Zircons from the older 
population are clear, unzoned with rounded edges (Fig. 3.13). Nine analyses were 
performed on eight of these grains. Six concordant analyses from five grains ( 1.1, 8.1, 
11.1, 11.2, 14.1 and 15.1) give an age of 2984±15 Ma (Fig. 3. lld, Table 3.5). Three 
other analyses (4.1, 5.1 and 19.1), with younger ages of 2938 to 2900 Ma, are 
interpreted to be sites that lost varied amounts radiogenic Pb (Fig. 3.1 ld, Table 3.5). 
The younger zircon population is distinguished from the older one by the sharp 
prismatic shape and euhedral zoning in the zircons that may be oscillatory (Fig. 3.13). 
The 207pb;206pb ages obtained for the younger population lie within the range of 2552 
to 2751 Ma. A weighted mean age of 2700±19 Ma was calculated from eleven 
concordant analyses from nine zircons. Analyses 10.1 and 16.1 were rejected as 
outliers. They have higher U content (117 4 and 1514 ppm) than the other zircons, and 
are too young (2552 and 2599 Ma) to be part of the ca. 2.7 Ga population (Fig. 3.lld, 
Table 3.5). These two grains are interpreted as isotopically disturbed members of the 
younger zircon population. 
A second felsic tuff 97-126was collected- 300 m from 97-125 (Fig. 3.12). It is similar 
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Table 3.5 SHRIMP U-Pb zircon data obtained for the felsic volcanic rocks from the Dalgaranga 
greenstone belt 
Site u Th Pb f206 716 age Disc. 
(ppm) (ppm) (ppb) {%1 208pbf206pb 206pbf23Su 201Pbf23su 207pb/206pb (Ma)±l CT (%) 
96-640 
xenocrysts (ca 3.05 Ga) 
2.1 14 3 1 0.35 0.0664±105 0.5939±309 18.77±1.14 0.2292±59 3047±42 -1 
16.1 381 290 6 0.05 0.2045±15 0.5790±306 18.34±0.99 0.2297±14 3050±10 -4 
19. l 337 280 2 0.02 0.2201±70 0.5780±178 18.35±0.68 0.2303±42 3054±30 -4 
24.1 232 111 4 0.05 0.1231±49 0.6055±213 19.07±0.78 0.2284±40 3041±28 0 
27.l 177 186 9 0.18 0.2560±73 0.5799±159 18.28±0.64 0.2287±42 3043±30 -3 
xenocrysts (ca 2.98 Ga) 
1.1 106 65 2 0.08 0.1423±22 0.5577±154 17.11±0.51 0.2225±19 2999±14 -5 
2.2 9 2 3 1.32 0.0520±244 0.5826±383 18.16±1.59 0.2261±114 3025±83 -4 
3.1 92 65 5 0.20 0.1913±33 0.5873±207 17.25±0.70 0.2131±35 2929±27 2 
3.2 64 46 0 0.02 0.1984±54 0.5976±205 18.12±0.72 0.2200±37 2980±27 1 
6.1 97 42 9 0.33 0.1103±25 0.6095±456 18.42±1.40 0.2192±16 2975±12 3 
7.1 86 50 4 0.17 0.1563±86 0.5602±233 16.75±0.83 0.2168±48 2957±36 -3 
8.1 67 55 0 0.02 0.2208±36 0.6133±227 18.62±0.76 0.2202±28 2982±21 3 
9.1 * 673 440 8 0.05 0.2207±48 0.4485±173 12.30±0.53 0.1990±31 2818±26 -15 
10.1 173 143 6 0.12 0.2071±22 0.5715±141 17.27±0.44 0.2192±11 2975±8 -4 
13.1 135 53 8 0.19 0.1045±24 0.6098±135 18.59±0.43 0.2211±10 2989±8 3 
17.1 246 117 I 0.02 0.1224±43 0.5601±209 16.95±0.71 0.2194±33 2977±24 -4 
20.1 135 62 6 0.16 0.1199±57 0.5438±239 16.84±0.86 0.2246±47 3014±34 -7 
21.1 209 48 2 0.04 0.0622±37 0.5607±363 17.37±1.19 0.2246±38 3014±27 -5 
23.1 210 168 1 0.02 0.1578±38 0.5472±216 16.69±0.76 0.2212±40 2990±29 -6 
25.1 216 119 1 0.02 0.1552±32 0.5594±210 17.14±0.74 0.2223±37 2997±27 -4 
28.1 * 125 67 3 0.07 0.1393±102 0.6349±287 18.54±1.08 0.2118±66 2920±51 8 
main group (ca. 2.70 Ma) 
4.1 627 192 6 0.04 0.0826±8 0.4947±207 12.66±0.54 0.1855±6 2703±5 -4 
5.1 267 187 3 0.06 0.1442±46 0.4660±292 12.37±0.82 0.1925±30 2764±26 -11 
11.1 441 428 3 0.03 0.2548±32 0.5383±122 13.53±0.41 0.1824±32 2674±29 4 
12.1 624 664 3 0.02 0.2784±36 0.5375±131 13.71±0.37 0.1850±17 2698±15 3 
14. l 396 149 2 0.02 0.0987±10 0.5417±135 13.97±0.36 0.1871±10 2717±9 3 
15.1 * 751 440 22 0.20 0.1624±82 0.3021±266 6.82±0.66 0.1636±50 2493±52 -32 
18.1 223 271 2 0.04 0.3424±72 0.4608±400 12.08±1.13 0.1902±50 2744±44 -11 
22.1 748 201 4 0.02 0.0721±19 0.5091±219 13.07±0.62 0.1862±30 2709±27 -4 
26.1 * 1760 253 4 O.Ql 0.0401±34 0.5927±298 14.46±0.88 0.1769±50 2624±48 14 
29.1 478 157 6 0.05 0.0842±52 0.5215±347 13.44±0.96 0.1868±37 2715±33 0 
97-125 
xenocrysts (ca. 2.98 Ga) 
1.1 436 449 4 0.03 0.2463±46 0.6222±166 18.69±0.58 0.2179±28 2965±21 5 
4.1 * 365 365 6 0.06 0.2258±32 0.5844±99 16.86±0.38 0.2092±27 2899±21 2 
5.1 * 272 213 2 0.02 0.2081±48 0.6105±189 17.31±0.65 0.2057±38 2872±30 7 
8.1 465 439 10 0.09 0.2430±41 0.5005±84 15.33±0.28 0.2221±11 2996±8 -23 
11.1 438 406 2 0.02 0.2314±31 0.6116±262 18.57±0.83 0.2202±19 2982±14 3 
11.2 709 821 4 0.02 0.3029±106 0.5967±531 17.93±1.85 0.2179±92 2965±70 2 
14.1 342 207 3 0.04 0.1448±68 0.5643±143 16.87±0.61 0.2169±49 2958±37 -4 
15.1 67 27 3 0.16 0.0951±41 0.6108±185 18.17±0.62 0.2157±26 2949±19 4 
19.1 * 445 785 2 0.02 0.4487±141 0.5615±369 15.60±1.06 0.2015±22 2838±18 1 
main group (ca. 2.70 Ga) 
2.1 719 1088 5 0.03 0.3675±133 0.4959±224 12.28±0.80 0.1796±76 2649±72 -2 
3.1 384 218 1 0.01 0.1480±11 0.5271±82 13.28±0.22 0.1828±10 2678±9 2 
6.1 976 751 1 0.01 0.1984±29 0.5092±117 12.88±0.32 0.1835±14 2684±12 -1 
6.2 674 828 6 0.04 0.3107±30 0.4986±119 12.56±0.35 0.1827±20 2677±19 -3 
7.1 174 68 5 0.11 0.1026±36 0.5086±115 12.79±0.34 0.1825±21 2675±19 -1 
9.1 228 101 I 0.02 0.1203±31 0.5311±127 13.24±0.43 0.1808±34 2660±32 3 
10.1 * 1514 575 3 0.01 0.0962±17 0.5354±104 12.50±0.42 0.1694±42 2552±43 8 
12.l 250 106 1 0.02 0.1080±17 0.5289±83 13.23±0.30 0.1815±26 2666±24 3 
13.1 249 151 7 0.12 0.1554±39 0.5300±135 13.33±0.43 0.1825±30 2676±28 2 
16.1 * 1174 434 5 0.02 0.0925±10 0.5276±131 12.68±0.32 0.1743±4 2599±4 5 
17.1 187 71 I 0.02 0.1019± 18 0.5188±119 13.44±0.36 0.1879±21 2724±19 - I 
17.2 296 136 2 0.02 0.1219±14 0.5465±277 14.28±0.74 0.1895±11 2738±9 3 
18.1 319 172 3 0.03 0.1362±31 0.5120±92 13.48±0.29 0.1910±18 2751±15 -3 
68 MURCHISON PROVINCE - Suvracrustal Rocks 
Table 3.5 (Continued). 
Site u Th zo4pb f206 7/6 age Disc. 
(ppm) (ppm) (ppb) (%2 208pbf206pb 206pbf23Su 201Pb/23su 207pbf206pb (Ma)±l cr (%) 
97-126 
xenocrysts (>ca. 3.10 Ga) 
10.1 705 53 7 0.03 0.0162±16 0.6283±148 20.78±0.63 0.2399±39 3120±26 1 
10.2 533 42 5 0,03 0.0194±7 0.6339±255 22.30±0.92 0.2551±16 3217±10 -2 
xenocrysts (ca. 2.98 Ga) 
2.1 298 190 4 0.05 0.1567±33 0.5741±190 17.21±0.61 0.2174±19 2962±14 -1 
8.1 148 84 17 0.42 0.1401±60 0.5695±136 17.33±0.54 0.2206±37 2985±27 -3 
9.1 302 167 2 0.02 0.1470±44 0.6034±196 18.30±0.67 0.2200±30 2980±22 2 
12.1 * 268 365 11 0.14 0.3452±30 0.5790±163 16.90±0.49 0.2117±11 2919±8 1 
13.1 136 101 4 0.10 0.1904±26 0.6086±199 18.43±0.64 0.2196±18 2978±13 3 
17.1 174 96 8 0.17 0.1429±39 0.5843±142 17.74±0.49 0.2202±23 2982±17 0 
24.l 83.0 53 10 0.45 0.1671±68 0.5364±145 15.98±0.53 0.2161±35 2952±26 -6 
29.1 144 104 5 0.14 0.1955±28 0.5890±289 18.21±0.93 0.2243±20 3012±14 -1 
main group (ca. 2.70 Ga) 
1.1 54 59 6 0.51 0.2965±71 0.4503±173 11.05±0.53 0.1780±43 2634±41 -9 
3.1 1362 1104 17 0.05 0.2348±140 0.5630±356 14.61±1.05 0.1883±50 2727±45 6 
4.1 303 144 24 0.29 0.1121±21 0.5510±90 13.86±0.26 0.1825±14 2676±13 6 
5.1 * 866 1270 25 0.13 0.3544±65 0.4657±140 10.36±0.46 0.1613±48 2469±51 0 
6.1 192 129 15 0.31 0.1634±80 0.5243±136 13.55±0.49 0.1874±41 2720±37 0 
7.1 * 379 243 21 0.30 0.1384±24 0.3844±179 9.36±0.47 0.1766±23 2621±22 -20 
11.1 198 95 5 0.10 0.1224±28 0.4852±188 12.39±0.50 0.1852±16 2700±14 -6 
14.l 1500 1455 12 0,03 0.2289±29 0.4969±177 12.32±0.46 0.1798±14 2651±13 -2 
15.1 117 71.6 8 0.26 0.1507±31 0.5401±166 13.87±0.46 0.1863±18 2710±16 3 
16.1 * 539 844 10 0.07 0.3335±126 0.5115±233 12.00±0.61 0.1702±31 2560±31 4 
18.l 329 230 18 0.23 0.2000±65 0.4982±250 12.93±0.70 0.1882±27 2727±24 -4 
19.1 757 625 12 0.06 0.2002±53 0.5359±134 14.43±0.43 0.1953±27 2787±23 -1 
20.l 493 442 12 0.10 0.1968±60 0.5142±198 12.68±0.59 0.1788±40 2642±38 1 
21.1 194 834 12 0.24 0.1112±32 0.5267±107 13.78±0.32 0.1898±18 2740±16 0 
22.1 80 4 11 0.49 0.0049±104 0.5637±246 15.17±0.94 0.1952±76 2786±65 3 
23.1 307 151 15 0.19 0.1182±23 0.5379±85 13.28±0.25 0.1791±15 2644±14 5 
25.l 124 501 7 0.23 0.1068±48 0.4804±206 12.54±0.59 0.1893±27 2737±24 -8 
26.1 578 502 5 0,03 0.2352±12 0.5423±171 14.10±0.48 0.1886±17 2730±15 2 
27.1 * 650 835 8 0.05 0.2889±109 0.5173±261 12.58±0.72 0.1764±39 2619±37 3 
28.l * 1118 1298 12 0.04 0.2575±88 0.5369±272 11.96±0.73 0.1615±45 2472±48 12 
30.l 190 81.5 14 0.29 0.1161±39 0.5311±196 14.04±0.55 0.1917±20 2757±17 0 
Notes: 1 - Analyses are listed in groups with an order of decreasing 207pbf206pb in each group. 2 - All 
ratios involving Pb refer to radiogenic Pb. Quoted uncertainties (lcr) are the standard error of the mean 
and refer to the last digits. 3 - Analyses with asterisks were regarded as outliers and rejected when 
calculating the weighted means of the different zircon populations in a certain sample. 4 - f206 (%) 
denotes percent of common 206pb in the total measured 206Pb. 5. Disc. (%)=(206pb/238u age I 
207pb/235u age - 1)* 100%. 
to 97-125 but is finer-grained, more altered and contains fewer quartz and feldspar 
phenocrysts. The ca. 2.7 and 2.98 Ga zircon populations observed in 96-640 and 97-125 
were also found in this sample. The two populations have similar characteristics to their 
counterparts in 96-640 and 97-125 (Fig. 3.13). Seven concordant analyses from seven 
zircons of the older population (2.1, 8.1, 9.1, 13.1, 17.1, 24.1 and 29.1) gave a weighted 
mean age of 2981±15 Ma (Fig. 3.lle, Table 3.5). The age obtained for the ca. 2.7 Ga 
zircons is 2699±22 Ma and was calculated based on 16 concordant analyses of 16 
individual grains (Fig. 3.1 le, Table 3.5). Six analyses, which are either strongly 
discordant (7.1) or distinguishable from the weighted mean ages (5.1, 12.1, 16.1, 27.1 
and 28.1), were rejected as outliers (Fig. 3. lle, Table 3.5). The rejected grains generally 
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have higher U and Th contents and younger 207pb/206pb ages. Two analyses of a 
zircon core from this sample (grain 10, Fig. 3.13) gave ages of 3217±20 and 3120±52 
Ma (Fig. 3.lle, Table 3.5). 
The ages obtained for the three Dalgaranga Formation felsic tuffs in this study are 
between 2699±22 and 2707±10 Ma. They are ca. 50 Ma younger than the 2746±5 to 
2749±1 Ma SHRIMP and conventional U-Pb zircon ages determined for the felsic tuffs 
in the Dalgaranga greenstone belt by Pidgeon and Hallberg (in press, Table 3.1, Fig. 
3.12). It is suggested that this age difference arises because Pidgeon and Hallberg (in 
press) dated samples from near the base of the Dalgaranga Formation whereas the 
samples dated in this study come from near the top (Fig. 3.12). That is the Dalgaranga 
Formation formed over a period - 50 Ma between ca. 2.75 and 2.70 Ga, and not rapidly 
at ca. 2.75 Ga as suggested by Pidgeon and Hallberg (in press). The Dalgaranga 
Formation overlies the Windaning Formation (Watkins and Hickman, 1990b), which 
has been shown elsewhere in the province to have an age of ca. 2.8 Ga by SHRIMP U-
Pb zircon geochronology (Schi¢tte and Campbell, 1996; this study). The ages reported 
in this study and by Pidgeon and Hallberg (in press) are consistent with this 
stratigraphic relationship. Schi¢tte and Campbell ( 1996) reported SHRIMP ages of 
2727±6 and 2703±10 Ma for the Mount Farmer Group felsic volcanic rocks in the 
Mount Magnet area (Table 3.1), and argued that this group has an age of ca. 2.70 Ga 
rather than ca. 2.8 Ga as previously suggested (Watkins and Hickman, 1990a, b). The 
newly obtained data reported here and by Pidgeon and Hallberg (in press) confirm the 
above suggestion, but expand the age of deposition of the Mount Former Group from 
ca. 2.75 to ca. 2.70 Ga. 
A SHRIMP age of 2719±5 Ma was obtained by Pidgeon and Hallberg (in press) for a 
gabbro sill that intrudes the Dalgaranga Formation, and was taken as the maximum age 
of the NE-SW folding of the belt (Fig. 3.12). The rocks studied herein are also folded 
which extends the maximum age of folding to 2700±19 Ma. It is noted that the age of 
this sill is similar to the age of the supracrustal rocks it intrudes, which is a common 
observation of Yilgarn "sills". Ghaderi (1998) suggested that some of them may be 
thick flows rather than sills. 
Xenocrystic zircons were identified in all Dalgaranga Formation samples analysed in 
this study: two concordant ages of ca. 3.12 and ca. 3.22 Ga were obtained for an old 
core in sample 96-640, an age of 3049±4 Ma was obtained from on five analyses of four 
grains from 96-126 and a major xenocryst population, with an age of ca. 2.98 Ga, was 
identified in each of the three analysed samples. Similarly, Pidgeon and Hallberg (in 
press) dated xenocrysts with a concordant ages of 3033±7 Ma (eight data points) in a 
felsic tuff (W297) collected about 3 km NE of the Dalgaranga Ta-Be Mine site (Table 
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3.1). A second grain from the same sample gave an age of ca. 2.97 Ga Ma, and a third 
grain an age of ca. 3940 Ma. It was suggested that the ca. 2.97 Ga zircons may be a 
younger population, or represents isotopically disturbed members of the older 
population. However, because substantial numbers of ca. 2.98 Ga zircons were dated 
during the present study. It is likely that ca. 2.97 to 2.98 Ga zircons represent a distinct 
population. The present results support the suggestion made by Pidgeon and Hallberg 
(in press) that the bulk of the crustal source region that melted to form the Dalgaranga 
Formation formed at about 3.0 Ga. The rare >3.2 Ga old grains with age up to ca. 3940 
Ma, provide tantalising evidence for the existence of very old crust below the 
Dalgaranga greenstone belt. 
3.4.5 Y algoo-Singleton greenstone belt 
The Yalgoo-Singleton greenstone belt is situated in the south-central part of the 
Murchison Province (Fig. 3.1). It crops out a strike length NNW-SSE of about 200 
kilometres and hosts a number of gold and base metal deposits, the most important of 
which the Scuddles and Gossan Hill strata-bound volcanogenic massive sulfide 
deposits. 
Watkins and Hickman ( 1990a, b) recognised the Luke Creek and three components of 
the Mount Farmer Group: the Yalgoo Subgroup, the Singleton Basalt and Mougooderra 
Formation (Fig. 3.1 and 3.2), in this greenstone belt. An unconformable contact 
between the Mount Farmer Group and the underlying Windaning Formation is evident 
in the Yalgoo-Singleton greenstone belt (Muhling and Low, 1977; Lipple et al., 1983; 
Baxter and Lipple, 1985; Watkins and Hickman, 1990a, b). 
The Y algoo-Singleton greenstone belt is composed of several major structural units and 
fold belts (Lipple et al., 1983), of which the Warriedar Fold Belt is predominant. The 
geology of the Warriedar Fold Belt was studied during regional geological mapping by 
Muhling and Low (1977), Lipple et al. (1983), Baxter et al. (1983) and Baxter and 
Lipple ( 1985). Detailed geology of the Golden Grove area is described by Frater 
(1983), Clifford (1987, 1988), Ashley et al. (1988), Clifford and Cas (1990), Clifford et 
al. (1990), Watkins and Hickman (1990a, b) and Clifford (1992). Clifford (1992) 
summarised the relationships between the subdivisions of the supracrustal successions 
proposed by the different authors. The terminology of the groups and formations of 
Watkins and Hickman (1990a, b) are adopted here when discussing the supracrustal 
rocks of the Murchison Province on a regional scale. For the detailed subdivision of the 
Gabanintha Formation in the Golden Grove area (Fig. 3.14 and 3.15) the terminology 
used is that of Clifford et al. (1990) and Clifford (1987, 1988 and 1992). 
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Fig. 3.14 Sketch geological map of Golden Grove with mine grids and the sample localities 
indicated. The location of the sample 92-382 is out of the map area. Modified from Clifford et al. 
(1990). 
The stratigraphic units recognised near Golden Grove are the Mount Farmer Group, and 
the Windaning and Gabanintha Formations of the Luke Creek Group. Two major 
unconformities have been identified (Fig. 3.14). One is between the Mount Farmer 
Group and the underlying Windaning Formation (Baxter et al. 1983; Frater 1983; 
Lipple et al. 1983; Clifford 1987, 1988; Watkins and Hickman 1990a, b), the other 
between the Windaning Formation and the underlying Gabanintha Formation (Clifford 
1987, 1988). The Windaning Formation in the Golden Grove area has a maximum 
thickness of 1 km and is dominated by tholeiitic and high-Mg basalts with minor 
ultramafic rocks, BIFs and felsic volcanogenic sedimentary rocks (Watkins and 
Hickman, 1990b). The Gabanintha Formation has been locally subdivided into six units 
(from the bottom up): (i) Shadow Well Unit, (ii) Gossan Valley Unit, (iii) Golden 
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CATTLE WELL UNIT 
900-1450 m. (Polymictic volcanogenic sediments 
with minor basalts) 
SCUDDLES UNIT 
Member 4. 510-700 m. (Upper feldspathic lavas and sediments) 
Member 3. O - 60 m. (Upper Andesitic sedimens) 
Member2. 0-330 m. (Upper quartz porphyry, dacite lavas and 
sediments) 
0-40m. (Upper Andesite lavas) 
GOLDEN GROVE UNIT 
0-180 m. (Mineralised horizon) 
Member5. 0-120m. (Lower vitric sediments) 
Member4. 75-140m. (Lower quartz-rich and vitric sediments) 
Member3. 0-100m. (Lower pumiceous and quartz-rich sediments) 
- Member2. 0-90m. (Lower andesitic lavas and sediments) 
Member 1. 10 - 170 m. (Lower quartz-rich sediments) 
GOSSAN VALLEY UNIT 
Member 4. 50 - 660 m. (Lower andesitic and pumiceous sediments) 
Member 3. 30 - 205 m. (Lower quartz-rich lavas and sediments) 
Member 2. 0 - 190 m. (Lower dacite lavas and sediments) 
Member 1. 95 - 380 m. (Lower mafic fragmentals) 
SHADOW WELL UNIT 
> 670 m. (Basal quartz arenites) 
GRANITOID INTRUSIVES 
Fig. 3.15 Stratigraphic column of part of the Gabanintha Formation in the Golden Grove area. 
(modified from Clifford, 1987 & 1992) showing the stratigraphic position of the samples. 
Grove Unit, (iv) Scuddles Unit, (v) Cattle Well Unit and (vi) a succession of mafic 
volcanic and volcaniclastic sedimentary rocks (Clifford 1987, 1988, 1992; Clifford et 
al., 1990; Fig. 3.14 and 3.15). Clifford (1987, 1988 and 1992) further subdivided the 
units (ii) to (iv) into unnamed members (Fig. 3.15). The Gabanintha Formation at 
Golden Grove has an approximate thickness of 2.5 km (Watkins and Hickman 1990b). 
It is dominated by felsic and intermediate volcanics, felsic volcaniclastics and chemical 
sediments. The Scuddles and Gossan Hill volcanogenic massive sulfide deposits 
(Frater 1983; Ashley et al. 1988; Mill et al. 1990; Clifford et al., 1990) occur in the 
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upper part of the Golden Grove Unit (Fig. 3.14 and 3.15). The stratigraphic units in the 
Golden Grove region have undergone mainly greenschist facies metamorphism (Lipple 
et al. 1983; Baxter et al. 1983; Frater 1983; Baxter and Lipple 1985; Mill et al. 1990). 
In this study, three samples from the Gabanintha Formation and one sample from the 
overlying Windaning Formation were dated. All of these samples are from the Golden 
Grove area of the Warriedar Fold Belt. 
Sample 92-382 is a reworked volcanogenic sandstone from the sedimentary succession 
at the base of the Windaning Formation. It is composed mainly of angular and poorly 
sorted quartz grains with silicic rock fragments in a fine grained mica-iron oxide matrix. 
The zircons are pink and generally clear with euhedral crystal faces and somewhat 
rounded edges (Fig. 3.5h). Zoning is not well developed (Fig. 3.5h). Thirty-three 
analyses were carried out on seventeen grains. Two groups of zircon are observed. (Fig. 
3.1 lf, Table 3.6). A date of 2809±5 Ma was determined from 25 concordant analyses of 
10 grains from the dominant group, and a 2945± 7 Ma date from 7 other grains. There 
are no distinctive morphological differences between the zircons from the two groups. 
Within the analytical uncertainties, the age of 2809±5 Ma is indistinguishable from the 
ages obtained for the Windaning Formation elsewhere in the Province (i.e. Schi¢tte and 
Campbell 1996), and is interpreted as the deposition age of the rock. The date of 
2945± 7 Ma, which is identical to the 2945±4 Ma age inferred below for the underlying 
Scuddles Unit (92-385), is interpreted as dating debris from that unit. 
A sample of rhyodacite (92-385) was collected from Member 2 of Scuddles Unit (Fig. 
3.15) at the Scuddles Mine. This unit is dominated by rhyodacitic and andesitic lavas 
with associated autoclastic breccias, minor chemical sediments and volcaniclastic rocks. 
The rock unit from which the sample was collected is a few metres above the sulphide 
mineralisation at the top of the Golden Grove Unit. The studied rock is composed of 
quartz phenocrysts in a ground mass of cryptocrystalline quartz and feldspar that is 
partially altered to chlorite and sericite. The extracted zircons are clear to light pink in 
colour with rare mineral inclusions. They are generally prismatic with slightly rounded 
edges and show oscillatory zoning. A date of 2945±4 Ma, obtained from 30 concordant 
analyses carried out on 16 individual grains (Fig. 3.llg, Table 3.6), is interpreted as the 
best estimate of the crystallisation age of this rock. The 2891±6 Ma date yielded from 
site 1.2 was readily rejected because it is distinguishable from the weighted mean age of 
the main zircon population. 
Sample 92-388 was collected from the mineralised horizon, Member 6 of the Golden 
Grove Unit (Fig. 3.15). This unit is composed of rhyolitic to dacitic pyroclastic 
volcanogenic sediments, with minor andesitic and rhyodacitic lavas and chemical 
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Table 3.6 SHRIMP U-Pb zircon data obtained for the supracrustal rocks from the Golden Grove area in 
the Y algoo-Singleton greenstone belt 
Site u Th Pb f206 7/6 age Disc. 
(ppm) (ppm) (ppb) (%} 208pb;206pb 206pbf238u 207Pbf23su 207pb;206pb (Ma)±l CT (%) 
92-382 
1.1 199 155 16 0.23 0.1843±37 0.5124±099 14.06±0.32 0.1990±19 2818±16 -5 
1.2 182 78 9 0.14 0.1104±28 0.5298±103 14.38±0.32 0.1968±18 2800±15 -2 
2.1 234 182 <l <0.01 0.2058±29 0.5523±106 14.94±0.32 0.1962±15 2795±13 1 
2.2 165 119 2 0.04 0.1875±30 0.5370±105 14.71±0.33 0.1987±17 2816±14 -2 
3.1 137 81 <l <0.01 0.1441±26 0.5551±111 15.24±0.35 0.1991±19 2819±16 1 
3.2 125 67 4 0.10 0.1357±31 0.5402±109 14.52±0.35 0.1949±20 2784±17 0 
4.1 41 26 5 0.35 0.1654±66 0.5399±132 14.58±0.47 0.1959±36 2792±31 0 
4.2 73 65 8 0.29 0.2304±57 0.5403±116 14.49±0.40 0.1945±28 2780±24 0 
5.1 * 78 43 7 0.23 0.1407±40 0.5792±122 17.18±0.43 0.2151±24 2945±18 0 
5.2* 104 89 2 0.04 0.2225±30 0.5831±119 17.37±0.40 0.2160±18 2951±13 0 
6.1 * 108 73 7 0.17 0.1761±36 0.5920±121 17.44±0.41 0.2137±21 2934±16 2 
7.1 110 68 5 0.13 0.1662±27 0.5446±109 14.99±0.34 0.1996±17 2823±14 -1 
7.2 120 76 1 0.02 0.1694±24 0.5327±106 14.58±0.32 0.1985±16 2814±13 -2 
7.3 315 151 4 0.04 0.1267±14 0.5641±106 15.50±0.31 0.1993±10 2821±08 2 
7.4 143 104 9 0.16 0.1754±32 0.5522±108 14.95±0.34 0.1963±18 2796±15 1 
7.5 107 72 2 0.07 0.1745±42 0.5015±103 13.82±0.34 0.1999±24 2825±19 -7 
7.6 179 140 3 0.05 0.2014±26 0.5349±103 14.65±0.31 0.1986± 15 2815±12 -2 
8.1 212 124 2 0.03 0.1556±26 0.5553±106 15.13±0.32 0.1976±15 2807±12 1 
9.1 * 58 32 2 0.10 0.1330±40 0.5577±121 16.75±0.44 0.2179±27 2965±20 -4 
10.l * 42 21 <1 <0.01 0.1378±40 0.6175±146 18.36±0.53 0.2156±29 2948±22 5 
11.1 * 42 26 5 0.28 0.1587±82 0.5850±140 17.46±0.58 0.2165±43 2954±33 0 
12.1 264 130 1 0.01 0.1293±15 0.5360±102 14.68±0.30 0.1986±11 2815±09 -2 
12.2 219 150 <1 <0.01 0.1777±24 0.5544±106 15.16±0.32 0.1982±14 2812±12 1 
12.3 184 70 4 0.06 0.0942±20 0.5500±106 14.92±0.32 0.1967±14 2799±12 1 
13.1 128 91 4 0.09 0.1875±31 0.5540±110 14.97±0.34 0.1960±17 2793±14 2 
13.2 153 85 2 0.04 0.1424±27 0.5452±107 14.90±0.33 0.1982±17 2812±14 0 
14.1 * 81 77 2 0.06 0.2496±38 0.5865±123 17.30±0.42 0.2140±21 2936±16 1 
15. l 89 71 4 0.13 0.2079±38 0.5581±116 15.06±0.36 0.1957±20 2790±17 2 
15.2 85 68 8 0.26 0.2061±44 0.5480±115 14.85±0.38 0.1966±23 2798±20 1 
16.1 * 87 75 2 0.06 0.2153±53 0.5590±115 16.53±0.42 0.2145±27 2940±20 -3 
17.1 171 75 <1 <0.01 0.1204±27 0.5268±102 14.50±0.32 0.1996±16 2823±13 -3 
17.2 143 55 12 0.23 0.0964±28 0.5438±108 14.57±0.33 0.1944±18 2780±15 1 
17.3 119 52 2 0.04 0.1089±23 0.5536±111 15.17±0.35 0.1987±18 2816±15 1 
92-385 
1.1 947 1011 1 0.02 0.2840±12 0.5609±109 16.55±0.33 0.2140±06 2936±05 -2 
1.2* 983 1115 65 0.18 0.3083±16 0.5563±108 15.97±0.32 0.2082±08 2891±06 -1 
2.1 95 59 8 0.21 0.1599±60 0.5844±131 17.15±0.49 0.2129±31 2928±24 1 
2.2 121 85 9 0.23 0.1781 ±56 0.5199±116 15.40±0.43 0.2149±31 2943±24 -8 
3.1 594 644 <l <0.01 0.2900±16 0.5704±112 16.96±0.34 0.2156±08 2948±06 -1 
4.1 149 98 <l <0.01 0.1727±27 0.6026±128 17.91±0.42 0.2156±17 2948±13 3 
4.2 524 529 <l <0.01 0.2631±16 0.5618±110 16.58±0.34 0.2140±09 2936±07 -2 
5.1 152 90 62 1.04 0.1740±55 0.5852±122 17.50±0.45 0.2169±28 2958±21 0 
6.1 85 40 4 0.12 0.1241±45 0.5957±133 17.70±0.47 0.2155±27 2948±20 2 
6.2 147 83 3 0.05 0.1517±25 0.5864±124 17.46±0.41 0.2160±17 2951±13 1 
7.1 384 283 9 0.06 0.1955±17 0.5837±116 17.24±0.36 0.2143±10 2938±08 1 
8.1 94 44 <1 <0.01 0.1318±99 0.6059±137 17.94±0.60 0.2147±47 2942±36 4 
9.1 120 72 2 0.04 0.1595±32 0.5928±128 17.84±0.44 0.2182±20 2968±15 1 
9.2 104 55 I 0.03 0.1406±27 0.5679±125 16.88±0.42 0.2156±21 2948±16 -2 
9.3 135 91 1 0.02 0.1845±27 0.5471±116 16.26±0.38 0.2155±17 2947±13 -5 
10.l 125 74 <1 <0.01 0.1639±39 0.5875±126 17.56±0.44 0.2168±22 2957±17 l 
11.1 80 37 <l <0.01 0.1261±62 0.5747±132 17.33±0.51 0.2187±34 2971±25 -1 
11.2 128 73 <l <0.01 0.1602±42 0.5835±126 17.46±0.44 0.2170±24 2959±18 0 
11.3 127 80 <l <0.01 0.1666±35 0.5734±124 16.94±0.42 0.2142±22 2938±17 -1 
12.1 102 56 6 0.16 0.1398±54 0.6011±133 17.84±0.49 0.2152±30 2945±22 3 
12.2 53 27 5 0.23 0.1278±63 0.5773±141 l 7.36±0.56 0.2180±39 2966±29 -1 
12.3 94 45 8 0.23 0.1338±49 0.5701±124 16.82±0.45 0.2140±28 2936±21 -1 
12.4 142 88 I 0.02 0.1690±28 0.5609±118 16.81±0.40 0.2173±18 2961±14 -3 
12.5 69 31 <l <0.01 0.1208±54 0.5744±135 17.38±0.52 0.2194±35 2977±26 -2 
12.6 120 73 <l <0.01 0.1668±34 0.5658±122 17.13±0.42 0.2196±22 2978±16 -3 
13. l 701 735 7 O.Q3 0.2725±16 0.5761±112 17.06±0.35 0.2148±08 2942±06 0 
13.2 518 494 3 O.Ql 0.2532±18 0.5660±111 16.94±0.35 0.2170±10 2959±07 -2 
14.1 231 164 6 O.Q7 0.1830±27 0.5776±118 17.26±0.39 0.2167±16 2956±12 -1 
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Table 3.6 (Continued). 
Site u Th 264pb f206 7/6 age Disc. 
(ppm) (ppm) (ppb) (%2 208pb/206pb 206pbf238u 201Pb/23su 207pb/206pb (Ma)±l cr (%) 
92-385 
14.2 323 267 5 0.04 0.2212±20 0.5602±111 16.73±0.35 0.2166±12 2956±09 -3 
15.l 430 416 6 0.04 0.2622±18 0.5624±111 16.67±0.35 0.2150±10 2943±07 -2 
16.l 895 1078 <l <0.01 0.3227±15 0.5817±113 17.19±0.34 0.2144±07 2939±05 1 
92-388 
1.1 124 151 102 2.20 0.3296±71 0.5575±106 16.67±0.42 0.2169±32 2958±24 -3 
2.1 246 214 8 0.08 0.2413±20 0.5931±107 17.79±0.34 0.2176±11 2963±08 1 
3.1 * 182 195 <l <0.01 0.3016±24 0.5627±104 16.44±0.33 0.2119±12 2920±09 -1 
3.2 114 116 5 0.11 0.2470±38 0.5658±108 16.70±0.37 0.2141±19 2937±15 -2 
4.1 258 168 2 0.02 0.1819±16 0.6018±108 18.07±0.34 0.2178±10 2964±07 2 
5.1 * 97 87 23 0.62 0.2548±47 0.5877±115 17.20±0.40 0.2122±23 2923±17 2 
6.1 107 53 52 1.35 0.1236±58 0.5373±104 15.88±0.40 0.2144±29 2939±22 -6 
7.1 614 988 4 0.02 0.4460±16 0.5619±098 16.86±0.30 0.2175±06 2963±05 -3 
8.1 130 143 26 0.53 0.2968±44 0.5721±108 17.23±0.38 0.2184±21 2969±15 -2 
10.l 275 414 9 0.08 0.4316±24 0.6050±109 18.14±0.35 0.2174±10 2962±07 3 
11.1 93 111 <l <0.01 0.3261±38 0.5800±119 17.09±0.39 0.2137±18 2934±14 1 
12.l 62 26 7 0.27 0.1146±40 0.6007±125 18.02±0.45 0.2175±24 2962±18 2 
13.1 * 191 138 8 0.11 0.1897±24 0.6256±114 18.42±0.37 0.2136±13 2933±10 7 
13.2* 217 153 12 0.14 0.2005±24 0.5969±108 17.64±0.35 0.2143±13 2938±10 3 
92-386 
1.1 379 332 3 0.02 0.2377±26 0.5740±108 17.12±0.36 0.2163±15 2954±11 -1 
2.1* 697 522 21 0.09 0.2104±23 0.5424±097 15.67±0.31 0.2095±13 2902±10 -4 
3.1 * 1837 1232 178 0.36 0.1916±20 0.4045±067 10.01±0.18 0.1794±10 2647±09 -17 
4.1 270 242 23 0.22 0.2320±40 0.6043±120 17.92±0.42 0.2151±21 2944±16 3 
5.1 * 818 1075 45 0.17 0.3546±29 0.4848±086 13.04±0.25 0.1950±12 2785±10 -9 
6.1 328 302 20 0.16 0.2531±38 0.5746±111 17.05±0.38 0.2151±19 2945±15 -1 
7.1 351 331 11 0.08 0.2551±30 0.5832±112 17.36±0.37 0.2159±16 2950±12 0 
8.1 482 386 6 0.03 0.2139±23 0.5789±107 17.41±0.35 0.2182±14 2967±10 -1 
9.1 * 704 999 5 0.02 0.3904±28 0.5573±099 16.40±0.31 0.2134±12 2932±09 -3 
10.l * 464 478 5 0.03 0.2811±27 0.5908±109 17.90±0.36 0.2198±14 2979±10 0 
11.1 * 620 829 29 0.13 0.3573±31 0.5490±098 16.07±0.32 0.2123±14 2923±11 -4 
12.l 495 415 16 0.08 0.2240±25 0.5893±108 17.49±0.36 0.2153±14 2946±11 1 
13.l 808 1036 28 0.09 0.3503±25 0.5925±104 17.49±0.33 0.2141±12 2937±09 2 
13.2 740 900 5 0.02 0.3286±26 0.5981±106 17.72±0.34 0.2149±12 2943±09 3 
14.l 418 420 <l <0.01 0.2756±30 0.5692±106 17.19±0.36 0.2190±16 2974±12 -2 
15.1 429 438 <l <0.01 0.2783±37 0.5750±109 17.22±0.37 0.2171±19 2960±14 -1 
16.1 1081 798 5 0.01 0.2024±16 0.5772±099 17.15±0.31 0.2155±10 2947±07 0 
17.1 620 763 30 0.12 0.3272±27 0.5845±105 17.52±0.34 0.2174±13 2961±10 0 
18. l 451 484 <l <0.01 0.3027±29 0.5693±107 17.21±0.36 0.2192±15 2975±11 -2 
19.l * 383 363 26 0.20 0.2520±39 0.5047±103 14.89±0.35 0.2139±20 2936±15 -10 
Notes: 1 - All ratios involving Pb refer to radiogenic Pb. Quoted uncertainties (lcr) are the standard error 
of the mean and refer to the last digits. 2 - Analyses with asterisks were regarded as outliers and rejected 
when calculating the weighted means of the samples. 3 - f206 (%) denotes percent of common 206pb in 
the total measured 206Pb. 4. Disc. (%)=(206pbJ238u age I 207pbJ235u age - 1)* 100%. 
sediments. The dated sample is a rhyolite with quartz phenocrysts and disseminated 
pyrite. Most of the zircons are prismatic in habit, pink in colour, with some mineral 
inclusions. They are generally subhedral with rounded prismatic terminations and are 
devoid of internal zoning. Fourteen analyses were performed on thirteen grains. If all 
data are included, the age of this sample is 2953±9 Ma. However, if one reversely 
discordant analysis (13.1) and three statistical outliers (3.1, 5.1, 13.2) are rejected, the 
age becomes 2960±6 Ma (Fig. 3.llh, Table 3.6) 
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Sample 92-386 was collected from a quartz-rich lava within Member 3 of Gossan 
Valley Unit (Fig. 3.15). The rock has quartz phenocrysts, with recrystallised 
granophyric quartz, chlorite and sericite in the groundmass. The zircons are yellow to 
light pink in colour, subhedral to euhedral in habit, with only slight rounding of their 
prismatic terminations and oscillatory internal zoning. A total of nineteen grains were 
analysed. All the analyses, except two (3.1 and 5.1) with distinguishable 207pb/206pb 
ages from the others, gave an apparent age of 2947±9 Ma. An apparent age of 2953±7 
Ma yielded from thirteen concordant analyses is interpreted as the best estimate of the 
from 30 concordant analyses carried out on 16 individual grains (Fig. 3. lli, Table 3.6), 
is interpreted as the best estimate of the crystallisation age of this rock. The 2891 ±6 Ma 
date yielded from site 1.2 was readily rejected because it is distinguishable from the 
weighted mean age of the main group zircons. 
The obtained ages are in good agreement with Pidgeon et al.'s. (1994) conventional U-
Pb dates of 2951 to 2957 Ma for Member 3 of the Gossan Valley Unit and Member 1 of 
the Scuddles Unit, but are 50 Ma younger than estimates for the age of the Gabanintha 
Formation by Watkins and Hickman (1990a, b), based on earlier geochronology (i.e. 
Fletcher et al., 1984; Pidgeon, 1986; Dahl et al., 1987 and Browning et al., 1987; Table 
3.1). The Cu-Zn deposits in the Golden Grove area are stratabound (Frater, 1983; 
Ashley et al., 1988) and their age of formation is believed to be the same as that of the 
proximal volcanism (Clifford and Cas, 1990). The data obtained from this study 
constrain the Cu-Zn mineralisation to lie between 2945±4 Ma and 2953±7 Ma, which is 
ca. 50 Ma younger than the Pb-Pb model ages for the deposits (Fletcher et al., 1984; 
Browning et al., 1987; Table 3.1). 
The date of 2808±5 Ma obtained for the Windaning Formation at Golden Grove agrees 
with the ages obtained for this formation at Mount Magnet, - 120 km to the northeast of 
Golden Grove (Schi¢tte and Campbell, 1996; Table 3.1), and in the Meekatharra area at 
the north-eastern end of the province (this study). Watkins and Hickman (1990a, b) 
include both the Windaning and Gabanintha Formations in the Luke Creek Group. As 
noted earlier, Clifford (1987, 1988) reported an unconformity between the Gabanintha 
and the Windaning Formations in the Golden Grove area. The results of this study are 
consist with the above observation and support the suggestion of Schi¢tte and Campbell 
( 1996) that the stratigraphic package mapped as the Windaning Formation should not 
be assigned to the Luke Creek Group. 
3.5 Discussion 
The type areas for the Gabanintha and Golconda Formations and the Murrouli Basalt 
are all at the northern end of the Meekatharra-Wydgee greenstone belt. The Golconda 
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Formation and the Murrouli Basalt are on the western side on the Mount Magnet Shear 
Zone and the Gabanintha Formation on the eastern side (Fig. 3.4). There are problems 
correlating the Watkins and Hickman's ( 1990a, b) stratigraphy across the Mount 
Magnet Shear Zone and with other greenstone belts in the province. Some of these 
problems are discussed below: 
Murrouli Basalts: According to Watkins and Hickman (1990a, b), the Murrouli Basalt 
is the oldest formation in the Luke Creek Group. However, the present study shows that 
its age is <ca. 2750 Ma, making it one of the youngest volcanosedimentary formations 
in the Murchison Province. It is younger than the Windaning Formation which, 
according to Watkins and Hickman (1990a, b), is the highest stratigraphic unit in the 
Luke Creek Group. Hallberg et al. (personal communication, 1997; see also Pidgeon 
and Hallberg, in press) assign the Murrouli Basalt to their Assemblage 3 (Fig. 3.3). The 
ca. 2750-2740 Ma ages dated for the samples of Assemblage 3 from a number of 
locations in the Murchison Province support the correlation suggested by these authors. 
Golconda Formation: The age of the Golconda Formation in the type section is 
constrained to lie between ca. 2790 and 2750 Ma (Fig. 3. l 6a). It is younger than the 
Windaning Formation and therefore cannot lie in the stratigraphic position required by 
Watkins and Hickman (1990a, b). Furthermore it cannot be correlated with the 
Golconda Formation on the eastern side of the Mount Magnet Shear Zone (Fig. 3.4), 
which has an age of> ca. 2820 Ma. 
Gabanintha Formation: The type section of the Gabanintha Formation is on the eastern 
side of the Mount Magnet Shear Zone near the Gabanintha Mine (Fig. 3.4). Here it has 
an age of ca. 2820 Ma (Fig. 3. l 6b) placing it stratigraphically below the Windaning 
Formation as required by Watkins and Hickman (1990a, b). However it dos not 
correlate with the unit assigned to the Gabanintha Formation on the western side of the 
Mount Magnet Shear Zone by Watkins and Hickman (1990a, b), which has an age of 
ca. 2710 Ma, and it does not correlate with units assigned to this formation in the other 
greens tone belts (Fig. 3. l 6c ). The units assigned to the Gabanintha Formation in the 
Yalgoo-Singleton and Weld Range greenstone belts have ages of ca. 2920 to 2980 Ma 
(Fig. 3. l 6d), and in the Abbots and Dalgaranga greenstone belts and in other parts out 
of the Meekatharra-Wydgee greenstone belt (i.e. other than the type section), ages 
between ca. 2710 and 2760 Ma (Fig. 3.16c). 
Windaning Formation: Units identified as Windaning Formation by Watkins and 
Hickman (1990a, b) in the Meekatharra-Wydgee (near Polelle homestead and in the 
Mount Magnet area) and the Yalgoo-Singleton (Golden Grove area) greenstone belts 
were all dated at ca. 2.8 Ga (Fig. 3.16e), confirming the correlation between them. 
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However, what has been mapped as Windaning Formation in Weld Range greenstone 
belt has an age of ca. 2750 Ma (Fig. 3.16e) and thus, dos not correlate with other 
greenstones assigned to this formation. 
Mount Farmer Group: This is the uppermost greenstone sequence in the stratigraphy 
proposed by Watkins and Hickman ( 1990a, b) for the Murchison Province, and it was 
thought to be developed at ca. 2.8 Ga. Schi¢tte and Campbell (1996) obtained two 
precise U-Pb zircon dates of 2727±6 and 2703±10 Ma for two felsic volcanic rocks 
belonging to this group in the Mount Magnet area (Table 3.1). Mount Farmer Group 
felsic tuffs in the Dalgaranga greenstone belt have ages between ca. 2738 and 2749 Ma 
(Pidgeon and Hallberg, in press; Table 3.1, Fig. 3.12), and ca. 2700 Ma (this study). 
These dates constrain the Mount Farmer Group in the Dalgaranga greenstone belt to 
have formed between ca. 2750 and 2700 Ma. These ages overlap with the age range of 
ca. 2760 and 2710 Ma for the greenstones assigned to the Gabanintha Formation in the 
Abbotts and Dalgaranga greenstone belts, and parts of the Meekatharra-Wydgee 
greenstone belt (compare Fig. 3.16c and 3.16±). These results show that they formed 
synchronous! y. 
As mentioned before, two greenstone sequences have been suggested for the 
supracrustal rocks in the Murchison Province (Watkins and Hickman, 1990a, b). 
However, the present study shows that there are three greenstone sequences, which 
developed during three distinct volcanic episodes at ca. 3.0-2.93 Ga, ca. 2.8 Ga, and ca. 
2.7 Ga (Fig. 3.17a, b). 
The lower greenstone sequence developed during the period between ca. 2.98 and 2.93 
Ga. It consists of interbedded BIF units, high-Mg and tholeiitic basalts, felsic volcanic 
and volcanoclastic rocks and minor komatiites. Greenstones of this sequence belong to 
the Assemblage 1 of Hallberg et al. (personal communication, 1997; see also Pidgeon 
and Hallberg, in press). In the Meekatharra-Wydgee greenstone belt, they occur in a 
narrow corridor between Mount Magnet and Meekatharra with a NNE trend. In the 
Golden Grove area, this succession consists of a basal quartzite overlain by a mafic 
unit, which is in turn overlain by a thick lithological package of dacitic and andesitic 
lavas and epiclastic sediments of calc-alkaline geochemistry (Clifford et al., 1990, 
Clifford, 1992). 
The ca. 2.8 Ga sequence is a succession of jaspilitic BIF and chert units interlayered 
with felsic volcanic, volcaniclastic and sedimentary rocks, and minor basalt, gabbro and 
dolerite intrusions. It equates to Watkins and Hickman's ( 1990a, b) Windaning 
Formation (except for the "Windaning Formation" in the Weld Range greenstone belt), 
and to the Assemblage 2 of Hallberg et al. (personal communication, 1997; see also 
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Pidgeon and Hallberg, in press), apart from the andesites, BIF and chert units to the 
west and north of the Polelle homestead which they assigned to their Assemblage 1 
(Fig. 3.3). This sequence is more widespread than the lower 2.98 to 2.93 Ga sequence. 
The upper greenstone sequence, with ages between of ca. 2.75 and 2.70 Ga, belong to 
the Assemblages 3 to 5 of Hallberg et al. (personal communication, 1997; see also 
Pidgeon and Hallberg, in press). It is an association of interbedded BIF units, tholeiitic 
and high-Mg basalts, felsic volcanic and volcanogenic sedimentary rocks, dolerite and 
gabbro sills and minor komatiites. Greenstones of this sequence occupy large areas of 
the major greenstone belts in the Murchison Province, particularly between Mount 
Magnet and Meekatharra in the Meekatharra-Wydgee greenstone belt, and in the 
Abbotts, Weld Range and Dalgaranga greenstone belts (Fig. 3.3). As previously 
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discussed, many greenstones formerly mapped as Gabanintha Formation have been 
proved to be part of this youngest greenstone sequence. Formations assigned to the 
Mount Farmer Group by Watkins and Hickman ( 1990a, b) are part of this sequence. 
There is clear time gaps between the formation of the ca. 2.8 Ga and the overlying ca. 
2.7 Ga and underlying ca. 2.9-3.0 Ga greenstone sequences. An unconformity has been 
recognised between the ca. 2.8 Ga cherts and 2.73 Ga felsic volcanic rocks in the Mount 
Magnet area (personal communication between Dr Michael Jones and Schi¢tte and 
Campbell, 1993). As previously mentioned, the contact relationship between the ca. 2.8 
Ga and the ca. 2.9-3.0 Ga sequences at Golden Grove has been observed to be 
unconformable. It therefore appears that the ca. 2.8 Ga greenstone sequence lies 
unconformably in between of the older and younger sequences. 
It is apparent that Watkins and Hickman's (1990a, b) stratigraphy is unworkable. The 
new geochronology, however, support the stratigraphic subdivision of Hallberg et al. (in 
press), and constrains their Assemblage 1 to have formed prior to ca. 2.82 Ga, the 
Assemblage 2 to have formed at ca. 2.80 Ga and Assemblages 3 to 5 to have formed 
between ca. 2.76 and 2.70 Ga. 
Xenocrystic zircons were found from supracrustal rocks in the Murchison Province by 
this and other studies (e.g. Wiedenbeck and Watkins, 1993; Yeast et al., 1996; Schi¢tte 
and Campbell, 1996; Pidgeon and Hallberg, in press). The available data are 
summarised in Figure 3.17b and c. The strongest peak is between ca. 3.0 and 2.9 Ga, 
and it corresponds to the earliest cycle of volcanism in the Murchison Province, during 
which the lower greenstone sequence was deposited (Fig. 3.17b, c). The ca. 2.7 and 2.8 
Ga events are also weakly recorded in the xenocryst data (Fig. 3. l 7b, c). Some 
xenocrysts, with ages greater than ca. 3.0 Ga, were also found (Fig. 3. l 7c) and single 
grain with an age of ca. 3940 Ma was reported by Pidgeon and Hallberg (in press). 
These observation provide evidence of preexisting continental crust in the Murchison 
Province. 
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4. GEOCHRONOLOGY OF GRANITOIDS IN THE MURCHISON 
PROVINCE 
4.1 Introduction 
The majority of the granitoids in the Murchison Province occupy the large areas 
between the greenstone belts. Some small- to medium-sized plutons intruded the 
supracrustal rocks (Fig. 4.1). These granitoids have been divided by Watkins and 
Hickman (1990a, b) into four suites: pegmatite-banded gneisses, recrystallised 
monzogranites, suite I post-folding granitoids and suite II post-folding granitoids (Table 
4.1). The pegmatite-banded gneisses are interpreted to be the oldest granitoid 
components in the Murchison Province and consist of granodiorite, monzogranite and 
pegmatite. Locally it can be demonstrated that they intrude the base of the Luke Creek 
Group as subhorizontal sheets (Watkins and Hickman, 1990b ). These gneisses also 
form a belt in the western part of the province and are found elsewhere as enclaves and 
rafts in the recrystallised monzogranite (Fig. 3.1). The extensive monzogranites that 
surrounded the greenstones with variable amount of deformation are thought, by 
Watkins and Hickman ( 1990a, b ), to intrude the base of the greens tone sequences. The 
post-folding granitoids of Watkins and Hickman (1990a, b) are small- to medium-sized 
discrete granitoids that truncated the greenstones and tectonic features associated with 
folding. They are generally undeformed, retain igneous mineralogy and texture, and 
occur within or at the margins of the greenstone belts. They are subdivided into suite I 
and II granitoids based on their petrology and geochemistry (Watkins and Hickman, 
1990a, b). Suite I granitoids are mainly confined to the northern part of the province, 
and consists tonalite, trondhjemite, granodiorite and monzogranite plutons (Fig. 3.1, 
4.1). Suite II granitoids are quartz-rich monzogranites and syenogranites and are mainly 
confined to the southern part of the province (Fig. 3.1, 4.1). In this study, the discrete 
intrusions (suite I and II) are referred as internal granitoids and the extensive 
recrystallized monzogranites as external granitoids. 
The temporal relationship between the external recrystallised monzogranites and the 
internal suite I intrusions has not been well constrained. There are two conflicting 
arguments about their chronology. One is that the monzogranite suite postdates internal 
suite I (Watkins and Hickman, 1990a, b) and the other is on the contrary (Schi0tte and 
Campbell, 1996). The former prediction is made on the basis of the field observation of 
the difference between the degrees of deformation of these two suites as mentioned 
above. No data were available to the authors. In the later case, the study was carried out 
in the Mount Magnet area. 
In this study, three of the four suites of granitoids recognised by Watkins and Hickman 
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Table 4.1 A brief geology of the granitoid suites in the Murchison Province. Summarised based on 
Watkins and Hickman (1990b) 
Suite Composition Texture Deformation Occurrence 
Pegmatite- monzogranite prgmatitic and strongly * a broad belt in the west, 
banded gneiss granodiorite gneissic deformed rafts, enclaves and 
xenoliths in recrystallised 
monzogranites in centre 
and rarely in east of the 
province 
* intruded the base of Luke 
Creek Group as 
subhorizontal sheets 
Recrystallised monzogranite medium to coarse thoroughly * occupies most of the 
Monzo granite grained, recrystallised in region between greenstone 
equigranular or greenschist and belts 
porphyritic lower 
* intruded the base of Luke 
amphibolite Creek Group as 
facies subhorizontal sheets 
Suite I tonalite generally medium generally * confined to greenstone 
post-folding granodiorite grained, undeformed, belts or occur at contacts 
granitoid monzogranite equigranular or retain igneous between greenstone belts 
syenogranite porphyritic mineralogy and and recrystallised 
trondhjemite texture monzogranites 
* mainly in the northern 
part of the province 
Suite II quartz-rich as above as above * confined to greenstone 
post-folding monzogranite, belts or occur at contacts 
granitoid syenogranite between greenstone belts 
and recrystallised 
monzogranites 
* mainly in the southern 
part of the province 
( 1990a, b) were dated, the suite excluded being the pegmatite-banded gneisses. The 
ages obtained for the granitoids provide additional information regarding their 
chronology and relationship with the supracrustal rocks. 
4.2 Previous geochronology 
The published data obtained for the granitoids of the Murchison Province are 
summarised in Table 4.2. Two SHRIMP U-Pb zircon ages of ca. 2.92 Ga were 
determined for the pegmatite-banded gneisses, the oldest granitoid suite in the 
Murchison (Nutman et al., 1993; Wiedenbeck and Watkins, 1993). A regional 
undeformed pluton to the west of the Mt Gilbson mine at the southern end of the 
Yalgoo-Singleton greenstone belt, gave similar age of 2935±3 Ma (Yeast et al. 1996), 
indicating the heterogeneity of the regional deformation. The emplacement ages 
determined for suite I post-folding granitoids fall into the range of 2630 to 2760 Ma 
Table 4.2 Summary of some published geochronology data obtained for the granitoid in the Murchison Province If;; 
Classification Locality Approximate Coordinates Technique Emplacement Inherited zircon Source 
number location age (Ma, ±2cr) age (Ma, ±2cr) 
Pegmatite- 1 S of Tallering 28°11 '05" SHRIMP 2918±6 none Nutman et al. ( 1993) 
banded gneiss greenstone belt 115°11'10" U-Pb zircon 
2 between Gullewa & 28°42' SHRIMP 2919±24 none Wiedenbeck and Watkins (1993) 
Yalgoo-Singleton 116°40' U-Pb zircon 
greenstone belt 
Suite I internal 3 close to Nannine 26°51' SHRIMP 2760±16 none Wiedenbeck and Watkins (1993) 
granitoid mine site 118°21' U-Pb zircon 
4 N of Cue -27°20' conventional 2758±4 none Pidgeon and Hallberg (in press) 
-118°00' U-Pb zircon 
5 W of Reedy mine site -27°05' Pb-Pb 2641±36 none L.G. Wang et al. (1993) 
-118°15' isochron 
6 E of Reedy mine site -27°05' conventional 2630±4.3 none L.G. Wang et al. ( 1993) 
-118°18' U-Pb zircon & 
Pb-Pb isochron 
7 N of Mount Magnet 27°59' SHRIMP 2702±6 2725±11 to Schi!IHte and Campbell ( 1996) 
117°50' U-Pb zircon 2943±25 I~ 8 S of Mount Magnet 28°07' SHRIMP 2716±4 none Schi(z>tte and Campbell ( 1996) 117°49' U-Pb zircon ~ 
9 S of Mount Magnet 28°1 O' SHRIMP 2696±5 2730±12 Schi¢tte and Campbell ( 1996) Vi a 
117°48' U-Pb zircon 2741±28 <: 
Suite II internal 10 close to K.arara 29°13' SHRIMP 2641±10 2863±16 Wiedenbeck and Watkins ( 1993) ;g a 
granitoid homestead 116°44' U-Pb zircon ;:.::; 
<: 
11 N of K.oolanooka 29°12' SHRIMP 2602±28 none Wiedenbeck and Watkins (1993) Q 
mine site 116°15' U-Pb zircon 
Cl 
12 S end of Y al goo- -29°34' SHRIMP 2623±7 none Yeats et al. (1996) i:l ;:l 
Singleton greenstone -117°14' U-Pb zircon §-" 
belt ~ 
Table 4.2 (continued). 1~ 
Classification Locality Approximate Coordinate Technique Emplacement Inherited zircon Source 
number location s age (Ma, ±2cr) age (Ma, ±2cr) 
External 13 N of Mount Magnet 27°44' SHRIMP 2678±5 2778±20 Schi0tte and Campbell (1996) 
granitoid 117°54' U-Pb zircon 
14 N of Mount Magnet 27°51' SHRIMP 2670±6 2697±25 Schiptte and Campbell (1996) 
117°56' U-Pb zircon 2724±14 
15 N of Mount Magnet 27°55' SHRIMP 2680±5 2797±24 Schi0tte and Campbell (1996) 
117°53' U-Pb zircon 2913±16 
16 SW of Mount Magnet 28°10' SHRIMP 2694±7 2730±26 Schiptte and Campbell (1996) 
111°3r U-Pb zircon 
17 SW of Mount Magnet 28°18' SHRIMP 2655±10 2707±12 Schiptte and Campbell (1996) 
117°12' U-Pb zircon 
18 SW of Mount Magnet 28°18' SHRIMP 2710±10 2958±10 Schiptte and Campbell (1996) 
117°07' U-Pb zircon 
19 SW of Mount Magnet 28°18' SHRIMP 2640±10 2798±12 Schiptte and Campbell (1996) 
117°07' U-Pb zircon 2810±17 
20 Big Bell mine -27°19' SHRIMP 2627±8 2670±34 (?) Mueller et al. (1996) 
-117°39' U-Pb zircon 2l:: 
21 Big Bell mine -27°19' SHRIMP 2700±7 2741±15 Mueller et al. (1996) ~ 
-117°39' U-Pb zircon g (;] 
22 N of Mount Magnet 27°45' SHRIMP 2681±12 2811±16 Wiedenbeck and Watkins (1993) ~ 
117°53' U-Pb zircon ~ 
23 SW of Mount Magnet 28°34' SHRIMP 2704±102 Wiedenbeck and Watkins (1993) a none ;:::; 
117°24' U-Pb zircon :<: 
24 Mount Gibson -29°46' SHRIMP 2935±3 none Yeast et al. (1996) 
!Q 
' 
-117°07' U-Pb zircon CJ 
~ 
Granitic dyke 25 S of Tallering 28°1 l '05- SHRIMP 2753±10 ca. 2900 Nutman et al. (1993) ;:I ~· 
greenstone belt 115°1no- U-Pb zircon §: 
Table 4.2 (continued). 
Classification Locality Approximate Coordinate 
number location s 
26 Big Bell mine -27°19' 
-117°39' 
27 N of Mount Magnet 27°44' 
117°54' 
28 N of Mount Magnet 27°54' 
117°54' 
The sample localities are shown in Figure 4.1. 
Technique Emplacement 
age (Ma, ±2cr) 
SHRIMP 2737±4 
U-Pb zircon 
SHRIMP 2657±9 
U-Pb zircon 
SHRIMP <2741±14 
U-Pb zircon 
Inherited zircon 
age (Ma, ±2cr) 
ca. 2800 to 
ca. 2900 
none 
2741±14 to 
2935±15 
Source 
Mueller et al. (1996) 
Schi0tte and Campbell (1996) 
Schi0tte and Campbell (1996) 
100 
~ §3 g 
c;:; 
0 
•<::: ;g 
0 
;:::; 
<::: 
i l 
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(L.G. Wang et al., 1993; Wiedenbeck and Watkins, 1993; Schi¢tte and Campbell, 1996) 
(Table 4.2). Three suite I internal intrusions were dated between 2602±28 and 2641±10 
Ma (Wiedenbeck and Watkins, 1993; Yeast et al., 1996). The age range obtained for the 
external recrystallised monzogranites is between of 2627-2753 Ma (Table 4.2). They 
overlap the ages of the suite I intrusions, suggesting that the emplacement of the 
external recrystallised monzogranites was synchronous with the intrusion of the suite I 
internal granitoids, not postdating it as previous predicted by Watkins and Hickman 
(1990a, b) and Wiedenbeck and Watkins (1993). 
4.3 Analytical results 
The granitoids dated in this study are the two internal post-folding suites and the 
recrystallised monzogranite suite. The analytical results are given below and 
approximate locations and the ages of the samples dated in this study and by other 
workers are presented in Figure 4.1. The relative information are summarised in Table 
4.3. 
4.3.1 Suite I post-folding granitoid 
Sample 93-967 is a fine-grained porphyritic biotite granite collected from a pluton - 10 
km SSE of Cue (site No 29 in Fig. 4.1). It contains rare K-feldspar phenocrysts. The 
rock shows signs of recrystallisation and has a foliation defined by biotite. Zircons in 
this sample are pink, euhedral prisms with euhedral zoning. Except for analysis 22.1, 
which is the most discordant, all of the other twenty-seven sites from twenty-six grains 
form a homogeneous population. The best estimate of the age for the timing of the 
zircon crystallisation of this pluton is 2686±4 Ma. Eleven strongly discordant analyses 
(2.1, 3.1, 6.1, 8.1, 9.1, 11.1, 18.1, 19.1, 21.1, 22.1, 26.1) were rejected as outliers (Fig. 
4.2a, Table 4.4). Analysis 20.1 which has very large uncertainties in its of Pb/Pb ratios, 
was also rejected (Fig. 4.2a, Table 4.4). 
93-968 is a medium-sized porphyritic biotite granite from a pluton to the northeast of 
93-967, - 12 km SE of Cue (No 30 in Fig. 4.1). It shows little sign of recrystallisation 
and deformation. Zircon crystals separated from this rock are prismatic and stubby, and 
light pink to light brown in colour. They show well developed zoning and some grains 
have a core. The data obtained from ten reconnaissance analyses on ten single grains are 
scattered from 2788±6 to 2430±30 Ma (Fig. 4.2b, Table 4.4). Four concordant analyses 
(4.1, 5.1, 8.1, 10.1) give an age of 2617±24 Ma which is interpreted as the minimum 
intrusion age of this granite. Discordant analyses 1.1 and 2.1 and three other grains ( 6.1, 
7 .1, 9 .1) with younger ages interpreted as isotopically disturbed (Fig. 4.2b, Table 4.4 ), 
were excluded in calculating this age. A xenocrystic grain in this rock (3 .1) was dated at 
Table 4.3 Summary of SHRIMP U-Pb zircon results obtained for the granitoids in this study I~ 
Classification Locality Sample Rock type Approximate field Coordinates Emplacement Inherited Basis of emglacement age estimate 
number* number location age (Ma, ±2<J) zircon age 
(Ma, ±2cr) sites/grains U (ppm) 204pb (ppb) 
Suite I internal 29 93-967 biotite SE of Cue 27°31' 2686±4 none 16/15 141-478 9-82 
granitoid granite 117°55' 
30 93-968 biotite SE of Cue 27°28' 2617±24 2788±6 4/4 496-951 32-99 
granite 118°01' 
31 93-981 biotite W of Reedy 27°08' 2605±10 none 8/8 216-769 20-236 
granite 118°08' 
32 93-984 syenogranite NW of Reedy 27°00' 2643±18 none 5/4 82-543 26-150 
118°08' 
33 93-991 granodiorite NE of Cue 27°21' 2747±6 none 27/23 144-400 1-72 
118°10' 
34 96-008 tonalite Abbotts greenstone 7058790mNt 2697±6 none 14/14 81-212 1-22 
belt 638380mE 
35 96-641 diorite Dalgaranga 27°46'06# 2733±7 none 13/13 428-724 7-54 
greenstone belt 117°20'3T 
36 96-129 granite NW of Gabanintha 26°54'53# 2759±7 26/25 88-319 10-60 
:s:: 
none ~ 
mine site 118°37'00# g 
Suite II 37 96-642 granodiorite Beanthiny Hill, S 29°34'48# 2616±8 none 25/25 16-106 0-12 (';; 
internal of Mount Singleton 117°15'26# ~ 
granitoid ;g 
38 97-123 syenogranite S of Wydgee 29°01'4r 2607±11 17/17 32-200 0-14 0 none :$ 117°45'50# <: 
39 96-007 syenogranite N end of Abbotts 26°15'24# 2632±10 none 11/10 368-776 22-577 ~ 
' 
greenstone belt 118°22'55# <;') i:l 
40 96-009 granophyre Dalgaranga 27°46'18# 2592±26 916 49-280 3-318 
;::: 
none §" 
greenstone belt 117°20'18# ~ 
Table 4.3 (continued). 
Classification Locality Sample Rock type Approximate field 
number* number location 
External 41 93-966 monzogranit N of Mount 
granitoid e Magnet 
42 93-989 monzogranit NE of Cue 
e 
43 93-990 monzogranit NE of Cue 
e 
44 93-982 biotite W of Reedy 
granite 
45 93-1007 monzogranit SE of 
e Mount Magnet 
46 93-1008 syenogranite E of Mount 
Magnet 
* Locality numbers are those shown in Figure 4.1. t AMO coordinates. 
Coordinates Emplacement Inherited 
age (Ma, ±2cr) zircon age 
(Ma, ±2cr) 
27°44' 2637±8 none 
117°54' 
27°18' 2752±4 none 
118°10' 
27°19' 2749±6 none 
118°10' 
27°04' 2675±6 none 
117°54' 
28°01' 2648±8 2904±24 
119°41' 
28°08' 2666±9 2811±12 
118°08, 
Basis of em12lacement age estimate 
sites/grains U (ppm) 204pb (ppb) 
19117 253-788 35-825 
18117 86-435 6-22 
19119 101-314 1-102 
12/12 144-477 7-108 
615 54-620 6-266 
20/15 68-210 4-54 
I~ 
::::: 
I~ g 
~ 
~ 
;g 
a 
:::; 
~ 
' 
c;J 
i3 
;:: 
~· 
~ 
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Fig. 4.2 Concordia plots of suite I internal granitoids dated in this study. Individual analysis shown with 
1 cr eorror bars. 
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Table 4.4 SHRIMP U-Pb zircon data obtained for suite I post-folding granitoids 
Site u Th Pb f206 716 age Disc. 
(ppm) (ppm) (ppb) {%2 208 Pb/206pb 206pbf238u 207Pb/23su 207 Pbf206pb (Ma)± la (%) 
93-967 
1.1 141 69 19 0.64 0.1032±100 0.4475±382 11.24±1.10 0.1822±57 2673±52 -11 
2.1 * 754 1370 1694 15.80 0.5835±288 0.2485±59 6.30±0.44 0.1839±116 2688±108 -47 
3.1 * 434 535 319 4.83 0.2487±77 0.3016±48 7.76±0.20 0.1866±33 2712±29 -37 
4.1 478 327 42 0.35 0.1907±37 0.5219±177 13.20±0.49 0.1834±21 2684±19 I 
5.1 283 199 18 0.28 0.1237±23 0.4852±89 12.28±0.25 0.1835±12 2685±11 -5 
6.1 * 331 448 60 0.98 0.1643±25 0.3810±68 9.70±0.19 0.1847±12 2696±11 -23 
7.1 344 316 54 0.70 0.2410±24 0.4630±70 11.66±0.20 0.1826±11 2676±10 -8 
8.1 * 298 332 183 3.33 0.1895±53 0.3710±76 9.33±0.23 0.1823±22 2674±20 -24 
9.1 * 408 510 276 4.10 0.2516±51 0.3291±47 8.33±0.16 0.1836±21 2685±19 -32 
10.1 336 250 45 0.63 0.1596±18 0.4368±63 11.02±0.18 0.1831±9 2681±8 -13 
11.1 * 357 897 220 3.89 0.2024±48 0.3176±53 8.07±0.17 0.1842±21 2691±19 -34 
12. I 150 77 19 0.52 0.1489±93 0.4981±442 12.53±1.20 0.1824±62 2675±57 -3 
13.1 394 157 19 0.18 0.1101±64 0.5576±276 14.16±0.82 0.1841±46 2691±42 6 
14.1 453 394 33 0.31 0.1697±26 0.4895±135 12.45±0.36 0.1845±12 2693±11 -5 
15. I 255 183 82 1.36 0.1959±56 0.4869±79 12.22±0.25 0.1821±19 2672±17 -4 
16.1 320 149 21 0.25 0.1250±20 0.5239±111 13.16±0.30 0.1822±11 2673±10 2 
17.1 332 349 31 0.42 0.1620±20 0.4561±72 11.60±0.20 0.1845+10 2693±9 -10 
18.1 * 395 251 235 2.93 0.1819±35 0.4110±71 10.35±0.21 0.1827±16 2678±14 -17 
19.1 * 364 465 66 1.00 0.1995±33 0.3741±55 9.40±0.17 0.1823±16 2674±14 -23 
20.1 339 149 21 0.27 0.1236±272 0.4704±693 12.01±2.20 0.1851±173 2699±163 -8 
21.1 * 409 876 266 4.09 0.2363±52 0.3173±52 8.07±0.17 0.1845±22 2694±20 -34 
22.1 * 771 1160 179 2.11 0.2607±268 0.2242±272 4.93±0.70 0.1595±97 2451±107 -47 
23.1 297 173 20 0.28 0.1518±24 0.5047±90 12.84±0.26 0.1846±13 2694±12 -2 
23.2 325 445 70 1.02 0.1530±34 0.4324±94 10.86±0.26 0.1822±15 2673±14 -13 
24.1 350 170 9 0.10 0.0984±116 0.5257±279 13.28±1.00 0.1832±93 2682±86 2 
25. l 287 155 26 0.39 0.1445±18 0.4767±69 12.10±0.19 0.1841±8 2690±7 -7 
26.l* 492 584 94 1.14 0.2167±26 0.3458±69 8.58±0.18 0.1799±11 2652±10 -28 
27.1 389 215 21 0.23 0.1480±17 0.4880±74 12.34±0.20 0.1834±8 2684±7 -4 
93-968 
1.1 * 175 97 18 0.57 0.1843±44 0.3818±138 9.57±0.37 0.1818±19 2669±17 -22 
2.1 * 673 403 98 1.67 0.2730±96 0.1793±106 4.60±0.30 0.1860±44 2708±40 -61 
3.1 * 1738 590 33 0.07 0.0847±8 0.5525±250 14.88±0.68 0.1954±4 2788±3 2 
4.1 1915 201 99 0.24 0.0386±13 0.4479±98 10.95±0.32 0.1774±30 2629±29 -9 
5.1 1439 422 32 0.09 0.0736±9 0.4981±112 12.00±0.28 0.1747±9 2603±9 0 
6.1* 1120 539 67 0.34 0.1120±16 0.3667±84 8.21±0.20 0.1624±9 2481±9 -19 
7.1 * 3074 846 32 0.05 0.0759±11 0.4360±108 9.48±0.26 0.1576±14 2431±15 -4 
8.1 842 437 38 0.20 0.1480±22 0.4588±149 11.37±0.39 0.1797±16 2650±15 -8 
9.1 * 1678 884 40 0.11 0.1442±10 0.4473±106 10.25±0.26 0.1662±11 2520±11 -5 
I 0.1 496 200 44 0.38 0.0826±104 0.4838±196 11.93±0.67 0.1789±62 2643±59 -4 
93-981 
1.1 * 591 357 19 0.14 0.1649±9 0.4810±56 11.39±0.14 0.1717±6 2574±5 -2 
2.1 440 247 58 0.57 0.1546±72 0.4784±154 11.84±0.49 0.1794±39 2648±36 -5 
3.1 * 989 692 1364 11.38 0.1871±66 0.2235±130 4.74±0.30 0.1538±28 2389±32 -46 
4.1 * 1038 491 80 0.47 0.1190±10 0.3364±38 7.12±0.09 0.1534±7 2385±8 -22 
5.1 * 572 283 252 2.13 0.1340±28 0.4203±79 9.83±0.21 0.1696±13 2554±13 -11 
6.1 * 513 255 1180 11.91 0.1283±100 0.3539±74 8.39±0.29 0.1719±43 2576±43 -24 
7.1 * 607 351 1911 10.68 0.2479±97 0.5484±85 13.22±0.38 0.1748±39 2604±37 8 
8.1 633 201 91 0.58 0.0950±16 0.5130±68 12.26±0.18 0.1734±9 2590±8 3 
9.1 493 257 236 1.969 0.1590±142 0.4950±345 12.06±1.00 0.1767±69 2623±66 -1 
10.1 * 667 370 191 1.35 0.1705±26 0.4362±65 9.92±0.17 0.1649±12 2506±12 -7 
11.1 * 996 402 38 0.14 0.1110±14 0.5586±85 13.48±0.23 0.1751±11 2607±10 10 
12. I* 374 145 51 0.51 0.1062±17 0.5556±150 13.81±0.39 0.1803±9 2656±8 7 
13.1 609 239 32 0.21 0.1065±20 0.5140±73 12.51±0.21 0.1765±13 2620±12 2 
14.1 500 228 199 1.69 0.1403±28 0.4835±73 11.67±0.20 0.1751±12 2607±12 -3 
15.1 * 878 495 679 3.86 0.1710±54 0.4018±103 9.00±0.28 0.1624±23 2481±24 -12 
16.1 * 811 362 57 0.30 0.1223±20 0.4873±70 11.32±0.19 0.1685±12 2543±12 1 
17.1 769 323 60 0.33 0.1156±17 0.4935±70 11.92±0.19 0.1751±11 2607±11 -1 
18.1 * 790 375 408 2.70 0.1311±34 0.3880±54 8.85±0.14 0.1655±12 2512±12 -16 
19.1 * 506 193 37 0.28 0.1013±20 0.5456±81 13.49±0.25 0.1794±16 2647±15 6 
20.l 661 279 20 0.12 0.1113±77 0.5199±314 12.86±0.92 0.1794±56 2647±53 2 
21.1 216 130 82 1.59 0.1744±58 0.4855±139 11.85±0.40 0.1770±26 2625±24 -3 
22.1 * 584 186 66 0.41 0.0797±60 0.5726±306 14.26±0.85 0.1806±37 2659±35 10 
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Table 4.4 (Continued). 
Site u Th Pb fzo6 716 age Disc. 
(ppm) (ppm) (ppb) ~%) 208pb;206pb 206pbf23Su 201Pbf23su 207 Pbf206pb (Ma)±l CT (%) 
93-981 
23.1* 873 221 51 0.27 0.0696±53 0.4383±180 10.08±0.49 0.1668±35 2526±36 -7 
24.1 * 709 331 4038 21.17 0.5169±130 0.4417±63 10.44±0.33 0.1713±46 2571±45 -8 
93-984 
1.1 * 438 217 298 2.87 0.1146±49 0.4790±132 11.40±0.36 0.1726±22 2583±22 -2 
1.2 543 289 84 0.64 0.1417±26 0.4972±147 12.45±0.39 0.1816± 15 2667±14 -2 
1.3* 1042 499 181 1.10 0.1347±27 0.3270±96 7.02±0.22 0.1558±13 2411±14 -24 
2.1 * 123 74 32 1.38 0.1655±96 0.3813±152 9.22±0.47 0.1753±48 2609±47 -20 
2.2 284 76 40 0.57 0.0686±30 0.5087±174 12.44±0.46 0.1773±16 2628±16 1 
2.3 82 48 26 1.27 0.1391±83 0.5130±192 12.39±0.55 0.1751±35 2607±33 2 
3.1 * 145 80 306 10.40 0.0680±195 0.3797±150 7.33±0.58 0.1399±88 2226±114 -7 
4.1* 723 241 61 10.40 0.0496±399 0.0152±6 0.05±0.03 0.0255±164 97±8 'll 
5.1 * 43 31 48 4.52 0.1260±220 0.4844±261 10.53±0.91 0.1576±96 2430±107 5 
6.1 49 35 81 7.68 0.0925±245 0.4157±226 8.07±0.78 0.1409±104 2238±134 0 
7.1 * 312 156 51 1.17 0.1249±56 0.2851±108 5.74±0.25 0.1460±26 2300±30 -30 
8.1 186 166 115 2.73 0.2459±72 0.4584±145 11.24±0.42 0.1778±30 2633±29 -8 
9.1 * 405 384 196 1.81 0.2620±46 0.5472±158 13.97±0.45 0.1852±20 2700±18 4 
10.1 388 221 150 1.63 0.1520±38 0.4839±133 11.91±0.36 0.1785±17 2639±16 -4 
11.1 * 670 247 7060 55.60 0.1111±257 0.1751±118 3.11±0.46 0.1287±157 2080±232 -50 
93-991 
1.1 145 90 3 0.08 0.1696±42 0.5072±129 13.31±0.39 0.1904±23 2745±20 -4 
1.2 162 115 11 0.27 0.1973±58 0.4955±143 13.32±0.48 0.1950±35 2785±30 -7 
1.3 167 88 7 0.18 0.1513±33 0.4833±118 12.80±0.34 0.1922±16 2761±14 -8 
2.1 199 261 7 0.15 0.2266±34 0.5024±143 13.20±0.40 0.1906±16 2747±14 -5 
2.2 212 164 5 0.08 0.2093±68 0.5291±306 14.19±0.90 0.1945±37 2781±32 -2 
3.1 242 162 15 0.26 0.1968±31 0.4952±111 12.98±0.33 0.1901±18 2743±16 -6 
4.1 216 317 9 0.20 0.1787±38 0.4300±97 11.44±0.30 0.1929±22 2767±19 -16 
5.1 281 222 1 0.02 0.2184±19 0.4914±100 12.85±0.28 0.1897± 10 2739±9.1 -6 
5.2 241 169 18 0.29 0.1932±22 0.5352±143 14.08±0.40 0.1909±12 2750±11 0 
6.1 290 288 2 0.03 0.2502±25 0.5009±98 13.06±0.28 0.1891±12 2735±11 -4 
7.1 236 139 5 0.10 0.1640±32 0.4831±94 12.81 ±0.29 0.1923±17 2762±15 -8 
8.1 249 165 5 0.09 0.1926±27 0.4853±116 12.76±0.34 0.1908±17 2749±14 -7 
9.1 * 260 325 50 0.88 0.1857±53 0.4499±145 10.47±0.37 0.1688±19 2546±19 -6 
9.2* 238 227 56 1.03 0.2140±156 0.4694±248 10.98±0.79 0.1697±72 2555±73 -3 
10.1 400 465 19 0.21 0.2997±80 0.4637±234 12.01±0.69 0.1879±42 2724±37 -10 
11.1 300 209 12 0.18 0.1961±64 0.4733±247 12.41±0.72 0.1902±39 2744±34 -9 
12.1 153 105 21 0.56 0.1943±142 0.5023±350 13.05±1.10 0.1885±69 2729±62 -4 
13.1 246 210 17 0.30 0.2315±117 0.4882±329 12.92±1.00 0.1919±63 2759±55 -7 
14.1 289 187 47 0.64 0.2140±62 0.5246±257 13.92±0.74 0.1925±29 2763±25 -2 
15.1 286 203 15 0.20 0.1891±25 0.5345±168 13.95±0.47 0.1893±15 2736±13 1 
16.1 239 152 25 0.50 0.1825±37 0.4378±168 11.65±0.50 0.1930±29 2768±25 -15 
17.1 200 180 8 0.17 0.2183±59 0.5112±152 13.61±0.49 0.1931±32 2769±27 -4 
18.1 193 128 15 0.32 0.1780±27 0.5038±124 13.13±0.34 0.1890±12 2733±10 -4 
19.1 173 178 62 1.62 0.3037±182 0.4518±112 11.96±0.54 0.1921 ±66 2760±58 -12 
20.1 160 113 8 0.19 0.1738±28 0.5253±143 13.84±0.41 0.1910±17 2751±14 -1 
21.1 147 180 9 0.29 0.2004±51 0.4487±184 12.02±0.54 0.1942±26 2778±22 -14 
22.1 167 136 72 1.62 0.1715±42 0.5447±118 13.99±0.36 0.1863±20 2710±18 3 
23.1 144 79 20 0.57 0.1456±77 0.4954±205 13.31±0.67 0.1948±46 2783±39 -7 
24.1 272 232 4 0.06 0.2166±30 0.5082±113 13.48±0.33 0.1924±14 2763±12 -4 
96-008 
1.1 81 39 1 0.06 0.1347±29 0.6370±150 16.40±0.44 0.1867±20 2713±18 17 
1.2 161 89 10 0.22 0.1531±20 0.6044±113 15.38±0.31 0.1846±9 2695±8 13 
2.1 379 296 108 2.55 0.2098±47 0.2264±64 5.90±0.19 0.1890±25 2733±22 -52 
3.1 167 171 12 0.26 0.1823±40 0.5844±271 14.57±0.78 0.1809±38 2661±35 11 
4.1 94 65 7 0.25 0.1385±23 0.5950±140 14.98±0.38 0.1825±12 2676±11 13 
5.1 180 148 11 0.23 0.1905±18 0.5778±96 14.67±0.26 0.1842±8 2691±7 9 
6.1 157 97 16 0.41 0.1781±65 0.5192±256 13.25±0.71 0.1852±30 2700±27 0 
7.1 171 120 10 0.20 0.1688±15 0.6003±103 15.35±0.28 0.1855±8 2702±7 12 
8.1 146 98 22 0.56 0.1735±44 0.5513±186 14.32±0.55 0.1884±28 2728±25 4 
9.1 130 78 14 0.32 0.1341±35 0.7113±222 17.97±0.60 0.1832±16 2682±15 29 
10.1 128 78 3 0.07 0.1591±27 0.6124±110 15.69±0.32 0.1858±13 2706±12 14 
11.l 212 162 13 0.22 0.1934±47 0.5790±111 14.85±0.35 0.1860±21 2707±18 9 
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Table 4.4 (Continued). 
Site u Th Pb f206 716 age Disc. 
(ppm) (ppm) (ppb) (%2 208pb;206pb 206pbf23Su 201rbf23su 207 Pbf206pb (Ma)±l a (%) 
96-008 
13.1 134 79 6 0.15 0.1601±20 0.6028±105 15.26±0.31 0.1836±15 2686±14 13 
14.1 183 141 9 0.19 0.1657±30 0.5281±92 13.60±0.28 0.1868±16 2714±14 1 
96-641 
1.1 677 518 28 0.16 0.1949±17 0.5285±61 13.64±0.21 0.1872±16 2718±14 1 
2.1 512 336 7 0.05 0.1805±18 0.5241±85 13.44±0.27 0.1860±19 2707±17 0 
3.1 575 349 12 0.09 0.1662±15 0.4724±63 12.38±0.19 0.1901±11 2743±10 -9 
4.1 658 476 10 0.06 0.1926±19 0.4888±74 12.54±0.23 0.1861±16 2708±14 -5 
5.1 545 353 25 0.20 0.1714±16 0.4903±114 12.80±0.31 0.1894±9 2737±8 -6 
6.1 725 542 16 0.09 0.2040±13 0.4899±60 12.73±0.19 0.1885±14 2729±12 -6 
7.1 428 222 15 0.13 0.1420±16 0.5558±100 14.51±0.28 0.1893±11 2736±10 4 
8.1 611 415 20 0.13 0.1862±14 0.5323±66 13.79±0.20 0.1879±11 2724±10 1 
9.1 498 358 31 0.26 0.1580±16 0.4958±72 12.90±0.27 0.1887±26 2731±23 -5 
10.1 475 227 21 0.17 0.1297±22 0.5306±83 13.80±0.24 0.1887±12 2731±11 0 
11.1 443 239 28 0.25 0.1460±20 0.5323±141 13.99±0.39 0.1907±11 2748±10 0 
12.1 * 542 327 21 0.18 0.1670±26 0.4486±65 11.80±0.20 0.1908±14 2749±12 -13 
13.l 500 321 19 0.15 0.1703±18 0.5389±87 13.95±0.27 0.1878±17 2723±15 2 
14.1 * 532 375 7 0.05 0.1901±29 0.5366±67 13.62±0.19 0.1840±8 2690±7 3 
15. l * 528 292 54 0.40 0.1391±260 0.5327±1069 13.67±3.10 0.1861±149 2708±138 2 
96-129 
1.1 159 75 10 0.30 0.1128±45 0.4602±84 12.38±0.30 0.1951±27 2786±23 -12 
2.1* 308 188 137 2.57 0.1315±241 0.3528±116 9.38±0.63 0.1929±105 2767±92 -30 
3.1 178 63 9 0.19 0.0796±33 0.5360±115 14.23±0.33 0.1925±13 2764±11 0 
4.1 124 55 33 1.15 0.1064±81 0.4743±119 12.41±0.45 0.1898±43 2740±38 -9 
5.1 * 207 66 9 0.18 0.0844±52 0.5031±86 13.75±0.32 0.1982±27 2812±22 -7 
6.1 199 131 22 0.46 0.1474±60 0.4917±91 13.20±0.30 0.1947±21 2783±18 -7 
7.1 152 126 27 0.67 0.1792±108 0.5425±241 14.08±0.74 0.1883±44 2727±39 2 
8.1 88.3 44 21 1.04 0.1207±72 0.4832±117 12.87±0.40 0.1932±33 2770±28 -8 
9.1 184 109 13 0.27 0.1438±33 0.5481±85 14.53±0.35 0.1922±31 2761±27 2 
10.1 183 106 34 0.76 0.1244±34 0.5045±119 13.18±0.35 0.1894±17 2737±15 -4 
11.1 * 372 154 76 0.00 0.1107±27 0.5083±115 13.20±0.33 0.1884±2 2728±12 -3 
11.2* 229 151 32 0.00 0.1474±27 0.5650±144 14.40±0.40 0.1849±2 2697±12 7 
12. l 176 92 59 1.30 0.1152±56 0.5301±148 13.93±0.44 0.1906±22 2747±19 -0 
13.1 155 65 60 1.59 0.0787±87 0.5031±165 13.42±0.57 0.1935±44 2772±38 -5 
14.1 175 91 35 0.86 0.1244±38 0.4796±104 12.72±0.37 0.1924±33 2763±28 -9 
15.1 * 181 92 8 0.00 0.1130±30 0.5590±137 14.12±0.44 0.1832±2 2682±27 7 
16.1 223 119 31 0.52 0.1320±32 0.5495±122 14.56±0.36 0.1921±16 2760±14 2 
16.2 283 184 52 0.70 0.1694±47 0.5376±112 14.05±0.34 0.1895±19 2738±17 1 
17.1 225 118 42 0.73 0.1264±61 0.5357±118 14.44±0.41 0.1954±30 2789±25 -1 
18.1 208 96 14 0.24 0.1074±71 0.5646±149 14.74±0.52 0.1893±39 2736±34 5 
19.1 156 91 26 0.61 0.1381±37 0.5717±123 15.28±0.39 0.1938±22 2775±19 5 
20.1 * 257 67 25 0.00 0.0620±23 0.5540±113 14.34±0.33 0.1878±2 2723±15 4 
21.1 217 106 26 0.46 0.1053±47 0.5371±131 13.90±0.39 0.1877±21 2722±19 2 
22.1 181 69 32 0.64 0.0899±36 0.5728±139 15.30±0.42 0.1937±21 2774±18 5 
23.1 264 62 37 0.55 0.0499±32 0.5323±136 13.82±0.45 0.1883±33 2727±29 I 
24.l * 168 94 31 0.00 0.1178±36 0.5602±118 13.98±0.38 0.1810±2 2662±25 8 
25.1 202 90 26 0.50 0.1025±48 0.5318±117 14.03±0.37 0.1913±24 2753±20 0 
26.1 201 58 12 0.22 0.0727±23 0.5773±141 15.30±0.40 0.1922±14 2761±12 6 
27.1 145 69 23 0.58 0.1244±36 0.5792±168 15.53±0.49 0.1944±18 2780±15 6 
28.1 * 259 140 39 0.00 0.1146±26 0.5118±119 13.18±0.34 0.1868±2 2714±14 -2 
28.2 319 192 35 0.42 0.1388±46 0.5386±114 14.33±0.37 0.1929±23 2767±20 0 
29.l 237 188 91 1.58 0.1688±37 0.4951±67 12.96±0.22 0.1899±6 2741±14 -5 
30.l * 185 120 22 0.00 0.1596±57 0.5181±81 13.37±0.26 0.1872±2 2718±16 -1 
31.1 285 182 24 0.32 0.1526±31 0.5377±82 14.17±0.30 0.1911±25 2752±22 l 
32.1 300 75 34 0.46 0.0513±41 0.5198±189 14.09±0.57 0.1966±27 2798±23 -4 
Notes: I - All ratios involving Pb refer to radiogenic Pb. Quoted uncertainties (10) are the standard error 
of the mean and refer to the last digits. 2 - Analyses with asterisks were regarded as outliers and rejected 
when calculating the weighted means of the samples. 3 - f2Q6 (%) denotes percent of common 206pb in 
the total measured 206Pb. 4 - Disc. (%)=(206pb;238u age I 207pb;235u age - I)* 100%. 5 -
206pb;238u age. 
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2788±6 Ma (Fig. 4.2b, Table 4.4 ). 
Sample 93-981 is a medium-sized biotite granite collected from the intrusion to the west 
of Reedy (No 31 in Fig. 4.1). It has tectonic foliation and strong recrystallisation of the 
minerals can be observed under the optical microscope. Zircons separated from this 
sample are zoned, light brown to brown, euhedral prisms. Some grains have a metamict 
core. Three groups of 207pb/206pb age have been observed. These are ca. 2.60-2.66, 
ca. 2.50-2.60 and ca. 2.38 Ga groups (Table. 4.4). Of the main group, eight concordant 
analyses (2.1, 8.1, 9.1, 13.1, 14.1, 17.1, 20.1, 21.1) give a weighted mean age of 
2605±10 Ma (Fig. 4.2c, Table 4.4). A few reverse discordant analyses (7.1, 11.1, 12.1, 
19 .1, 22.1) in this group were rejected. An age of 1519± 18 Ma was obtained from six 
analyses of the second group (10.1, 15.1, 16.1, 18.1, 23.1, 24.1). Two analyses (1.1, 
5.1), which deviate from the above age at 2cr level, and one discordant analysis (6.1) 
were treated as outliers. Two other grains (grain 3 and 4), which are strongly discordant 
and contain high U, give an pooled age of 2385±2 Ma. The age of 2605±10 Ma is taken 
as the minimum age of this intrusion, and the younger ages as dating the metamorphic 
events during which some of the main group zircons lost part of their radiogenic Pb. 
93-984 is a sample of the main phase of the Munarra Pluton, which is a coarse-grained 
syenogranite (No 32). Most of the zircons in this rock are euhedral, prismatic with 
pronounced interior zoning, but others are irregular fragments with or without week 
zoning. Grain 4 is remarkably different form the rest. It is unzoned, and euhedral with 
well developed crystal facies. Its Phanerozoic age (97±8 Ma) indicates it is a laboratory 
contaminant (Table 4.4). The fourteen other analyses obtained for ten grains scatter 
from 2080 to 2700 Ma. Ancient lead loss of some of the zircons is obvious. However, 
five concordant analyses of the main group zircon give an age of 2643±18 Ma, which is 
interpreted as the minimum age of this sample. One discordant analyses (2.1) and two 
statistic outliers ( 1.1, 9 .1) of the main group were rejected (Fig. 4.2d, Table 4.4 ). 
A fine to medium-grained granodiorite sample (93-991) was collected from the Eelya 
Pluton, ~ 25 km NE of Cue (No 33 in Fig. 4.1). Zircons from this sample are zoned, 
stubby, euhedral, and pink in colour, with abundant inclusions and opaque minerals. 
Twenty-nine sites from twenty-four grains were dated. The best estimate of the age of 
the Eelya Pluton of 2747±6 Ma was determined from twenty-three concordant and four 
slightly discordant analyses (4.1, 16.1, 19.1 21.1; Fig. 4.2e, Table 4.4). Two sites on 
grain 9 gave an age of 2546±6 Ma (Fig. 4.2e, Table 4.4), which could be the time at 
which this grain lost some of its radiogenic Pb. 
96-008 is a drill core (ABND 198, 206-208 m) sample of a fine-grained tonalite from 
the Abbotts greenstone belt (No 34 in Fig. 4.1). The majority of the zircons are zoned, 
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euhedral stubbies that are transparent to pale-pink in colour. Few grains do not show 
obvious zoning. Most of the zircons in this sample are not ideal for dating, so only 
relatively clear sites were chosen for analyses. Fifteen analyses were carried out on 
fourteen grains. All of the data lie within analytical uncertainties and give an age of 
2697±6 Ma. A feature of the data is that many of them are reversely discordant (Fig. 
4.2f, Table 4.4). Their U contents are normal, between 81 and 379 ppm, so that, site-
specific matrix effect is unlikely to be responsible for the reverse discordance. It is more 
likely that the zircons gained their excess radiogenic Pb from their immediate 
environment. All analyses except 2.1, which is strongly normal discordant (Fig. 4.2f, 
Table 4.4), were used to calculate the age of 2697±6 Ma for this sample. 
Sample 96-641 is a diorite from the Dalgaranga greenstone belt (No 35 in Fig. 4.1). It 
contains partly assimilated dark coloured xenolith. Zircons in this rock are euhedral, 
stubby and pink coloured, with well developed euhedral zoning. Analyses were carried 
out on fifteen individual crystals from a single zircon population. The best estimate age 
of 2733±7 Ma was determined when the statistical outlier 14.1 and discordant analysis 
12.1 were rejected (Fig. 4.2g, Table 4.4). Analysis 15.1 has large analytical errors and 
has also been omitted from the calculation and from Figure 4.2g. The outcrop from 
where this rock was collected has been formerly mapped as granophyre, which is 
assigned to suite II internal granitoid. However, this rock is not a granophyre and its age 
of 2733±7 Ma is older than the granophyre (96-009, 2593±26 Ma) in this area. It is 
interpreted as dating a separate suite I internal intrusion. 
An internal granite (96-129) was collected from a small outcrop, - 4 km NW of 
Gabanintha mine (No 36 in Fig. 4.1). Zircons in this sample are characterised by being 
irregular in shape, elongate and rich in inclusions. Clear crystal facies and oscillatory 
zoning are rare. Thirty-five sites were analysed from thirty-two grains. The age of this 
sample is 2759±7 Ma. One discordant analysis (2.1) and eight others (5.1, 11.1, 11.2, 
15.1, 20.1, 24.1, 28.1, 30.1) with 207pb/206pb ages that lie beyond 2cr from the 
weighted mean, were regarded as outliers (Fig. 4.2h, Table 4.4). 
4.3.2 Suite II post-folding granitoid 
Sample 96-642 was collected from Beanthiny Hill, a small granodiorite pluton located 
about 13 km south of Mount Singleton at the southern end of the Y algoo-Singleton 
greenstone belt (No 37 in Fig. 4.1). Pink coloured, euhedral and prismatic zircons, 
which have abundant elongated transparent and opaque inclusion, were separated from 
this sample. Most of the grains show oscillatory zoning. The sample has a single zircon 
population which gave an age of 2616±8 Ma from twenty-five analyses of twenty-five 
grains (Fig. 4.3a, Table 4.5). This age is interpreted as the best estimate crystallisation 
Fig. 4.3 Concordia plots of suite II internal granitoids dated in this study. Individual analysis shown with 
lcr eorror bars. 
age of the zircons and the emplacement age of the pluton. The same pluton was dated at 
2623± 7 Ma, an indistinguishable age within analytical uncertainty, by Yeast et al. 
(1996). 
97-123 is a medium to coarse-grained equigranular syenogranite sample from the 
Wydgee Pluton, which is located at the southern end of the Meekatharra-Wydgee 
greenstone belt (No 38 in Fig. 4.1). The rock shows little sign of recrystallisation. 
Zircons in this sample are pink, euhedral with oscillatory zoning and abundant 
inclusions. They generally are equant to stubby with rare grains being prismatic. 
Twenty individual grains were analysed from a single population. An age of 2607±11 
Ma was calculated as the best estimate emplacement age of the Wydgee Pluton after 
rejecting analyses 1.1, 6.1, 9.1, which are discordant and contain much higher 
204pb (69-156 ppb) than the others (0-10 ppb) (Fig. 4.3b, Table 4.5). 
A medium-grained syenogranite (96-007) was collected from the northern end of the 
Abbotts greenstone belt (No 39 in Fig. 4.1). This is the northern most outcrop of a suite 
II internal granite. Zircons isolated from this rock are pale-pink to pink in colour, 
prismatic and zoned. Eighteen analyses were carried out on fifteen grains. Zircons in 
this sample from a homogeneous population which, if all data are considered, give an 
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Table 4.5 SHRIMP U-Pb zircon data obtained for suite II post-folding granitoids 
Site u Th Pb f206 716 age Disc. 
(ppm) (ppm) (ppb) (%} 208pb;206pb 206pbf23Su 201Pb/23su 207 Pbf206pb (Ma)±! a (%) 
96-642 
1.1 55 84 3 0.22 0.4056±77 0.4634±245 11.31±0.66 0.1771±33 2626±31 -7 
2.1 51 68 3 0.25 0.3543±89 0.5017±125 12.11±0.42 0.1750±37 2606±36 1 
3.1 34 31 4 0.44 0.2494±74 0.4896±174 11.96±0.50 0.1772±33 2627±31 -2 
4.1 24 30 I 0.15 0.3494±150 0.4596±216 11.54±0.70 0.1821±61 2672±57 -9 
5.1 93 161 3 0.14 0.4767±43 0.4963±87 11.96±0.24 0.1747±15 2603±14 0 
6.1 91 109 6 0.33 0.3295±128 0.4396±156 10.63±0.54 0.1753±56 2609±54 -10 
7.1 38 49 4 0.40 0.3581±74 0.4839±125 11.89±0.39 0.1781±31 2636±30 -4 
8.1 53 86 9 0.71 0.4551±87 0.4789±133 11.85±0.42 0.1794±33 2647±31 -5 
9.1 47 56 0 0.02 0.3398±52 0.4562±180 11.37±0.48 0.1808±21 2660±20 -9 
10.1 68 76 4 0.27 0.3081±53 0.4937±99 12.02±0.28 0.1765±18 2621±17 -1 
11.1 106 191 1 0.04 0.5034±38 0.5045±80 12.28±0.22 0.1766±13 2621±12 0 
12.1 46 73 4 0.41 0.4219±93 0.5056±124 12.14±0.42 0.1741+38 2598±37 2 
13.l 30 35 3 0.37 0.3171±72 0.5192±180 12.81±0.52 0.1790±30 2643±28 2 
14. l 70 82 6 0.35 0.3196±58 0.5008±124 12.05±0.35 0.1745±20 2602±19 I 
15.1 29 40 4 0.63 0.3577±91 0.4990±134 12.17±0.43 0.1769±35 2624±33 -1 
16.1 38 37 2 0.24 0.2626±89 0.4820±148 11.38±0.48 0.1713±43 2570±43 -I 
17. l 38 31 5 0.51 0.2099±63 0.5121±161 12.23±0.45 0.1733±28 2589±27 3 
18.1 55 76 6 0.51 0.3707±100 0.4674±135 11.18±0.44 0.1735±41 2592±40 -5 
19.1 35 34 2 0.22 0.2766±58 0.5058±153 12.22±0.44 0.1753±30 2609±28 1 
20.1 48 69 0 0.03 0.3806±72 0.4943±109 11.97±0.36 0.1757±30 2612±29 -1 
21.l 50 71 3 0.27 0.3900±92 0.4968±141 11.79±0.45 0.1721±39 2579±38 1 
22.1 51 71 3 0.23 0.3752±67 0.4997±162 12.10±0.46 0.1756±27 2611±26 0 
23.1 45 67 1 0.14 0.4038±72 0.4985±144 12.02±0.41 0.1749±27 2605±26 0 
24.1 63 96 12 0.94 0.4706±111 0.4164±86 10.05±0.30 0.1750±33 2606±32 -13 
25.1 16 17 7 2.00 0.2869±184 0.4577±204 11.45±0.75 0.1814±78 2666±73 -9 
97-123 
1.1 137 225 87 3.00 0.4876±102 0.4262±90 10.32±0.35 0.1755±42 2611±40 -12 
2.1 112 235 9 0.33 0.5900±58 0.4815±131 11.74±0.37 0.1768±22 2623±21 -3 
3.1 32 77 8 1.08 0.6546±226 0.4732±210 11.49±0.79 0.1761±83 2616±81 -5 
4.1 93 266 7 0.34 0.8104±139 0.4706±110 11.55±0.37 0.1779±35 2634±33 -6 
5.1 135 477 7 0.23 0.9548±174 0.4785±155 11.08±0.49 0.1680±45 2537±46 -1 
6.1 * 207 74 69 1.64 0.0981±74 0.4171±110 9.95±0.37 0.1730±40 2587±39 -13 
7.1 91 252 3 0.12 0.7825±134 0.5262±234 12.34±0.63 0.1700±35 2558±34 7 
8.1 200 564 14 0.32 0.7852±161 0.4688±136 11.46±0.38 0.1772±22 2627±21 -6 
9.1 * 205 602 156 3.75 0.9995±111 0.4068±61 9.38±0.27 0.1673±39 2531±39 -13 
10.1 56 97 6 0.39 0.4760±68 0.5452±126 12.95±0.37 0.1723±25 2580±25 9 
11.1 111 479 5 0.20 1.1960±108 0.5034±139 12.05±0.40 0.1736±26 2593±25 1 
12.1 101 313 3 0.12 0.8529±63 0.5043±98 12.24±0.28 0.1760±18 2616±17 I 
13.1 123 508 7 0.22 1.1430±90 0.5218±121 12.61±0.32 0.1752± 15 2608±14 4 
14.1 71 169 3 0.16 0.6463±76 0.5299±116 12.84±0.36 0.1758±26 2613±25 5 
15.1 82 211 0 0.02 0.7337±99 0.5125±115 12.57±0.35 0.1779±25 2634±23 1 
16.1 71 80 4 0.23 0.2910±50 0.5163±110 12.16±0.31 0.1708±20 2566±20 5 
17.1 90 233 3 0.13 0.6890±89 0.5183±141 12.63±0.40 0.1768±24 2623±23 3 
18.1 92 249 10 0.44 0.7544±67 0.5271±157 12.67±0.42 0.1743±20 2599±19 5 
19.1 134 482 4 0.11 1.0090±74 0.5148±122 12.55±0.33 0.1768± 16 2623±15 2 
20.1 75 143 5 0.26 0.5213±64 0.4954±144 11.91±0.40 0.1743±23 2599±23 0 
96-007 
1.1 561 142 49 0.38 0.0874±10 0.4718±119 11.64±0.30 0.1790±6 2643±5 -6 
1.2* 523 242 76 0.53 0.1346±46 0.5709±120 14.71±0.43 0.1869±33 2715±29 7 
2.1 521 138 26 0.22 0.0749±24 0.4843±73 11.95±0.22 0.1790±17 2643±16 -4 
2.2* 457 149 79 0.72 0.0888±13 0.4979±73 11.69±0.23 0.1703±19 2560±19 2 
3.1 494 254 25 0.22 0.1428±9 0.4879±70 11.90±0.18 0.1768±5 2623±4 -2 
4.1 * 725 191 624 4.60 0.1172±120 0.3715±72 8.26±0.36 0.1612±59 2469±64 -17 
5.1 435 343 577 5.21 0.2649±50 0.5026±77 12.03±0.24 0.1736±19 2593±18 1 
6.1 501 237 521 4.16 0.1237±71 0.4994±77 11.82±0.30 0.1716±31 2573±30 2 
7.1* 669 267 593 4.15 0.1646±114 0.4258±72 10.45±0.37 0.1779±52 2634±50 -13 
8.1 * 589 427 1815 9.55 0.2882±140 0.6077±100 14.63±0.58 0.1746±60 2602±58 17 
9.1 776 792 135 0.69 0.2812±25 0.5211±61 12.84±0.18 0.1787±11 2641±10 2 
JO.I 389 452 333 3.18 0.1813±40 0.5426±112 13.59±0.34 0.1817±22 2668±21 5 
11.1 477 206 22 0.18 0.1225±102 0.5339±259 13.54±0.85 0.1839±63 2688±58 3 
11.2 368 106 273 3.15 0.0876±136 0.4744±111 11.76±0.54 0.1797±67 2650±63 -6 
12.1 403 122 162 1.64 0.0925±84 0.5020±84 12.36±0.35 0.1786±38 2640±36 -1 
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Table 4.5 (Continued) 
Site u Th Pb f206 7/6 age Disc. 
(ppm) (ppm) (ppb) (%2 208pb;206pb 206pbJ238u 201pb;23su 207pb;206pb (Ma)±l cr (%) 
96-007 
13.1 * 570 769 322 2.28 0.3886±34 0.5027±55 11.93±0.16 0.1721±12 2578±12 2 
14.1 * 196 48 48 0.98 0.0717±18 0.5149±46 12.99±0.14 0.1830±9 2680±8 0 
15.1 655 171 410 2.59 0.0837±87 0.4890±48 11.88±0.24 0.1762±29 2617±27 -2 
96-009 
1.1 * 420 314 206 8.77 0.4896±352 0.1063±38 2.54±0.24 0.1732±144 2589±14 -75 
4 
1.2* 903 558 302 3.35 0.5051±199 0.1176±43 2.70±0.18 0.1667±89 2525±92 -72 
2.1 * 536 1129 3039 5.08 0.9401±314 0.3192±144 7.47±0.53 0.1698±84 2556±86 -30 
3.1 * 565 1512 1658 1.30 0.4980±263 0.2707±94 5.84±0.38 0.1564±78 2417±88 -36 
4.1 94 230 9 11.40 0.7431±72 0.5351±192 12.84±0.52 0.1740±26 2596±25 6 
5.1 * 549 454 1145 19.50 0.2942±682 0.3368±149 8.17±0.80 0.1760±13 2615±14 -29 
3 
5.2* 415 360 1238 5.60 0.2679±347 0.3672±110 8.65±0.56 0.1709±93 2566±94 -21 
6.1 49 107 3 25.40 0.6081±96 0.5347±209 13.02±0.62 0.1766±40 2621±38 5 
7.1 73 116 25 27.00 0.4210±81 0.5374±189 13.09±0.56 0.1767±36 2622±35 6 
7.2 81 144 75 2.83 0.4515±157 0.4688±146 10.60±0.57 0.1640±65 2498±69 -1 
8.1 * 1113 594 776 45.00 0.1568±154 0.4913±166 12.43±0.60 0.1835±56 2685±51 -4 
8.2* 1967 936 293 1.13 0.1116±81 0.2705±67 5.66±0.19 0.1516±31 2365±36 -35 
9.1 280 411 318 2.87 0.4214±118 0.4421±196 10.12±0.59 0.1660±54 2517±56 -6 
10.1 177 626 140 18.40 0.7741±134 0.4743±166 11.50±0.60 0.1758±60 2614±58 -4 
10.2 101 199 162 3.94 0.5516±201 0.5060±194 11.72±0.76 0.1680±80 2538±82 4 
11.1 139 342 91 14.50 0.5520±143 0.4671±174 11.30±0.57 0.1755±52 2611±50 -5 
11.2 100 213 27 6.22 0.5128±121 0.4799±226 11.37±0.64 0.1719±42 2576±42 -2 
12.1 * 468 1839 1343 1.16 0.2458±355 0.2472±80 5.31±0.43 0.1558±108 2410±12 -41 
3 
13.1 * 953 1181 16954 0.28 0.6152±450 0.4522±143 8.20±0.50 0.1315±64 2118±88 14 
14.1 * 506 872 3013 0.36 0.3399±312 0.3643±88 7.14±0.61 0.1421±112 2253±14 -11 
3 
Notes: 1 - All ratios involving Pb refer to radiogenic Pb. Quoted uncertainties (lcr) are the standard error 
of the mean and refer to the last digits. 2 - Analyses with asterisks were regarded as outliers and rejected 
when calculating the weighted means of the samples. 3 - f206 (%) denotes percent of common 206pb in 
the total measured 206Pb. 4 - Disc. (%)=(206pbf238u age I 207pbf235u age - 1)* 100%. 
age of 2632±14 Ma. If seven discordant and statistic outliers (1.2, 2.2, 4.1, 7.1, 8.1, 
13.1, 14.1) are rejected (Fig. 4.3c, Table 4.5), the age becomes 2632±10 Ma. Because 
the common Pb content of most of the zircons in this sample is very high (22-1815 ppb 
204pb ), this age is interpreted as the minimum emplacement age of the intrusion. 
Sample 96-009 is a granophyre in the Dalgaranga greenstone belt which is classified as 
a suite II internal granitoid (No 40 in Fig. 4.1). Zircons in this sample are pale-pink to 
yellow~brown, stubby to prismatic crystals. Most of them are metamict. Twenty 
analyses were carried out on sites fourteen relatively clear from the least metamict 
grains. Eleven discordant analyses (1.1, 1.2, 2.1, 3.1, 5.1, 5.2, 8.2, 12.1, 13.1 and 14.1) 
of high U (415-1967 ppm) and 204pb (206-16954 ppb) grains were rejected (Fig. 4.3d, 
Table 4.5). An other analysis (8.1) was also rejected because of its high U ( 1113 ppm) 
and common Pb (776 ppb) contents (Fig. 4.3d, Table 4.5). The remaining nine analyses 
of relatively low U (49-280 ppm) and 204pb (3-318 ppb), gave a minimum 
emplacement age of 2592±26 Ma for this pluton (Fig. 4.3d, Table 4.5). 
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4.3.3 External recrystallised monzogranite 
93-966 is a sample of monzogranitic gneiss collected from an external granitoid 
corridor 35 km north of Mount Magnet (No 41 in Fig. 4.1). Zircon crystals in this rock 
are pink, euhedral prisms. A total of twenty-eight sites from twenty-four grains were 
dated. No old zircon cores or grains were found. The results are unusual in that more 
than one thirds of the analyses are reversely discordant. Zircons in this rock contain 149 
to 927 ppm U, and 68 to 4299 ppb 204pb, which is unusually high (Table 4.6). A 
similar gneiss from the same area was dated by Schi¢tte and Campbell ( 1996) who also 
found that most analyses were reversely discordant. The explanation given by these 
authors is believed applicable for this rock. They suggested that reverse discordance is 
due to Pb exchange between the zircons and their immediate surroundings, while U loss 
considered unlikely. For this reason, the reversely discordant analyses were accepted 
when calculating the age of 2637±8 Ma, which is interpreted as the minimum 
crystallisation age of the gneiss. Two normally discordant analyses ( 4.1, 24.1 ), five 
statistic outliers (6.1, 9.1, 11.1, 21.1, 23.1) and analyses 17.1and18.1, which contains 
>2700 ppb 204pb, were rejected (Fig. 4.4a, Table 4.6). 
93-989 is a sample of a light grey-green coloured monzogranite from an outcrop of 
north of Eelya Pluton (No 42 in Fig. 4.1). The coarse-grained rock is strongly foliated 
and recrystallised. Zircons in this rock are euhedral, prismatic and pale-pink in colour. 
Except for grain 6, which has a distinguishable younger age of 2639±20 Ma, all of the 
other nineteen grains have a 207pb/206pb age of 2751±5 Ma (Fig. 4.4b, Table 4.6). 
If two statistic outliers, 7.1 and 17.1 are excluded the age becomes 2752±4 Ma (Fig. 
4.4b, Table 4.5). 
An additional sample (93-990), collected from the same outcrop as 93-989 (No 43 in 
Fig. 4.1) has pink, euhedral, prismatic zircons. Twenty-six analyses were performed on 
twenty-six grains. The zircons appear to be part of a single population which yields an 
age of 2746±8 Ma. if all data are considered. If six discordant analyses (3.1, 7 .1, 11.1, 
12.1, 17.1, 24.1), and one statistical outlier (8.1) are rejected the preferred age becomes 
2749±6 Ma (Fig. 4.4c, Table 4.6). 
A gneissic biotite granite (93-982) was collected from the area between the Weld Range 
and Meekatharra-Wydgee greenstone belt (No 44 in Fig. 4.1). Zircons separated from 
this sample are pink, euhedral grains that can be stubby or elongated. A total of twenty-
three analyses were performed on twenty-two grains. If six analyses including one 
reversely discordant (21.1) and five statistic outliers (1.1, 4.1, 8.1, 15.1, 18.1) are 
rejected, the calculated age of this granite is 2675±6 Ma (Fig. 4.4d, Table 4.6). 
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Fig. 4.4 Concordia plots of external granitoids dated in this study. Individual analysis shown with lcr 
eorror bars. 
93-1007 is a gneissic, strongly recrystallised regional granite collected - 80 km east of 
Mount Magnet (No 45 in Fig. 4.1). Zircon crystals in this rock are pink, euhedral and 
elongated. A wide range of 207pb/206pb ages were measured from 24 analyses. Two 
xenocrysts, 6.1 and 21.1, gave ages of 2904±12 Ma (lcr) and 2733±64 Ma (lcr) 
respectively. The remaining zircons gave ages between ca. 2400 and 2660 Ma (Fig. 
4.4e, Table 4.6). The age of 2648±8 Ma was obtained from six concordant analyses 
obtained from six grains. This is taken to be the crystallisation age of this granite. 
Sample 93-1008 was collected from an external granite - 40 km east of Mount Magnet 
(No 46 in Fig. 4.1). Zircons separated from this rock are pink to yellow-brown in 
colour. Most of them are equant to stubby and only rare grains are elongated. An age of 
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Table 4.6 SHRIMP U-Pb zircon data obtained for external recrystallised monzogranites 
Site u Th Pb f206 7/6 age Disc. 
(ppm) (ppm) (ppb) (%] 208pbf206pb 206pbf23Su 207Pbf235u 207pb;206pb (Ma)±lcr (%) 
93-966 
1.1 298 130 234 2.62 0.1374±53 0.4623±72 11.41±0.27 0.1789±27 2643±26 -7 
2.1 656 82 418 2.11 0.0447±70 0.4663±81 11.22±0.32 0.1745±35 2601±34 -5 
3.1 359 416 138 1.17 0.3115±61 0.5102±76 12.65±0.29 0.1798±28 2651±26 0 
4.1* 647 705 276 1.75 0.2738±54 0.3789±46 9.14±0.21 0.1750±32 2606±31 -20 
5.1 * 253 152 42 0.53 0.1638±69 0.4914±133 12.47±0.43 0.1841±34 2690±31 -4 
6.1 725 336 330 1.48 0.1450±39 0.4798±111 12.20±0.32 0.1844±18 2693±16 -6 
6.2 782 486 101 0.41 0.1530±21 0.4973±112 12.30±0.29 0.1793±10 2647±9 -2 
7.1 788 484 669 2.81 0.2049±35 0.4641±111 11.41±0.30 0.1784±15 2638±14 -7 
8.1 261 186 35 0.41 0.1857±28 0.5190±135 12.74±0.36 0.1781±14 2635±13 2 
8.2 369 328 52 0.43 0.2294±24 0.5179±123 12.63±0.33 0.1769±14 2624±13 3 
9.1 * 825 762 4299 11.80 0.3324±98 0.6126±181 14.48±0.66 0.1715±53 2572±53 20 
10.1 639 539 372 1.84 0.2264±50 0.4899±80 11.89±0.26 0.1760±22 2615±21 -2 
11.1 * 725 514 299 1.27 0.1681±59 0.5053±97 11.76±0.31 0.1688±27 2546±27 4 
12.1 461 296 53 0.33 0.1678±30 0.5555±127 13.64±0.34 0.1780±15 2635±14 8 
13.1 397 379 470 3.33 0.1883±75 0.5437±108 13.12±0.42 0.1750±40 2606±38 7 
14.1 412 370 341 2.24 0.2375±39 0.5715±120 13.86±0.34 0.1759±17 2615±17 11 
15.1 503 353 504 2.74 0.2296±63 0.5620±96 14.02±0.35 0.1810±30 2662±27 8 
16.1 467 309 587 3.41 0.2204±58 0.5611±98 13.92±0.34 0.1800±27 2653±25 8 
17.1 * 546 383 2731 14.60 0.4173±322 0.4611±236 10.86±1.10 0.1708±141 2566±145 -5 
18.1 * 927 101 310 0.98 0.0540±16 0.5313±97 12.42±0.25 0.1696±10 2553±10 8 
19.1 465 48 825 4.86 0.1003±79 0.5491±133 13.14±0.43 0.1735±34 2592±33 9 
20.1 332 222 53 0.49 0.1973±34 0.5074±128 12.45±0.35 0.1779±16 2633±15 0 
21.1 * 919 1108 14 0.05 0.2351±31 0.4958±73 11.77±0.19 0.1722±9 2579±9 1 
22.1 392 432 147 1.03 0.2770±45 0.5698±94 14.08±0.27 0.1793±13 2646±12 10 
22.2 536 619 371 2.24 0.2960±94 0.4780±111 11.64±0.33 0.1766±23 2621±22 -4 
23.1 * 472 451 333 1.65 0.3039±58 0.6668±206 17.15±0.62 0.1866±28 2712±25 21 
24.1 * 149 73 56 1.51 0.1824±91 0.3855±103 9.87±0.38 0.1857±45 2705±41 -22 
24.2 366 331 652 5.43 0.2920±109 0.4903±133 12.51±0.49 0.1850±47 2698±42 -5 
93-989 
1.1 188 113 12 0.25 0.1562±23 0.5262±135 13.80±0.38 0.1903±13 2744±11 -1 
2.1 436 307 15 0.15 0.1569±25 0.4715±121 12.21±0.36 0.1877±21 2723±19 -9 
3.1 202 133 13 0.24 0.1763±18 0.5325±154 14.05±0.42 0.1913±8 2754±7 0 
3.2 252 127 13 0.20 0.1322±15 0.5223±128 13.77±0.35 0.1912±9 2752±8 -2 
4.1 180 86 9 0.19 0.1199±15 0.5565±144 14.74±0.39 0.1920±7 2760±6 3 
5.1 216 126 9 0.16 0.1628±13 0.5480±145 14.44±0.39 0.1912±7 2752±6 2 
6.1 * 311 184 17 0.26 0.1440±20 0.4497±153 11.07±0.39 0.1785±11 2639±10 -9 
7.1 * 316 328 8 0.10 0.1683±13 0.4992±155 12.99±0.42 0.1887±9 2731±8 -4 
8.1 114 71 11 0.37 0.1751±32 0.5494±142 14.43±0.40 0.1905±16 2746±13 3 
9.1 271 201 9 0.13 0.2063±33 0.5520±147 14.65±0.43 0.1925±19 2764±16 3 
10.1 299 147 7 0.10 0.1345±25 0.5225±156 13.88±0.45 0.1927±17 2765±14 -2 
11.l 275 250 12 0.16 0.2007±16 0.5396±133 14.19±0.36 0.1908±8 2749±7 1 
12.1 359 289 15 0.16 0.2220±19 0.5259±129 13.79±0.36 0.1902±10 2744±9 -1 
13. l 211 148 6 0.12 0.1887±48 0.5418±372 14.20±1.00 0.1901±29 2743±25 2 
14.1 184 110 11 0.24 0.1629±114 0.5353±309 14.04±0.98 0.1902±61 2744±54 1 
15.1 147 87 9 0.24 0.1406±25 0.5463±139 14.46±0.40 0.1920± 15 2759±13 2 
16. l 200 173 9 0.18 0.1853±20 0.5187±151 13.79±0.42 0.1928± 11 2766±9 -3 
17.1 * 325 268 13 0.16 0.1849±33 0.5109±144 13.74±0.42 0.1950±18 2785±15 -5 
18.1 224 175 22 0.40 0.2102±79 0.4971±180 12.85±0.58 0.1875±43 2720±38 -4 
19. l 255 152 11 0.16 0.1629±21 0.5490±140 14.38±0.39 0.1900±12 2742±10 3 
20.l 86 39 18 0.77 0.1041±60 0.5543±168 14.43±0.51 0.1888±28 2732=24 4 
93-990 
1.1 314 179 59 0.84 0.1430±43 0.4586±121 11.81±0.36 0.1868±22 2714±19 -10 
2.1 267 133 31 0.45 0.1340±22 0.5266±124 13.88±0.35 0.1911±11 2752±10 -1 
3.1 * 264 206 34 0.68 0.1668±28 0.3889±92 10.19±0.26 0.1901±12 2743±10 -23 
4.1 213 100 30 0.55 0.1257±22 0.5301±120 13.80±0.33 0.1888±11 2732±9 0 
5.1 142 57 21 0.60 0.1082±42 0.5178±132 13.78±0.39 0.1930±19 2768±17 -3 
6.1 252 121 39 0.60 0.1260±35 0.5335±127 14.02±0.37 0.1906±17 2747±15 0 
7.1 * 643 481 167 3.23 0.2411±53 0.1616±69 4.14±0.19 0.1859±23 2706±20 -64 
8.1* 317 210 30 0.38 0.1546±23 0.5252±127 14.08±0.37 0.1944±15 2780±13 -2 
9.1 314 225 29 0.41 0.1902±16 0.4721±112 12.40±0.30 0.1905±8 2746±7 -9 
10.1 136 57 16 0.44 0.1135±30 0.5349±128 14.08±0.36 0.1906±14 2747±12 1 
11.l * 252 166 69 1.96 0.2286±69 0.2851±73 7.37±0.22 0.1876±25 2721±22 -41 
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Table 4.6 (Continued). 
Site u Th Pb f206 7/6 age Disc. 
(ppm) (ppm) (ppb) {%2 208pbf206pb 206pbf238u 201Pbt23su 207pbf206pb (Ma)±lcr (%) 
93-990 
12.1 * 239 201 8 0.15 0.1660±26 0.4324±101 11.48±0.29 0.1926±14 2764±12 -16 
13.1 101 47 1 0.04 0.1322±40 0.5092±134 13.56±0.40 0.1931±20 2769±17 -4 
14.l 159 87 25 0.65 0.1585±38 0.5144±127 13.53±0.37 0.1908±17 2749±15 -3 
15. l 220 168 18 0.33 0.1992±113 0.5087±375 13.43±1.10 0.1914±64 2754±56 -4 
16.1 140 64 13 0.39 0.1271±53 0.5079±146 13.41±0.46 0.1915±30 2755±26 -4 
17.1 * 224 132 96 3.46 0.2843±131 0.2481±121 6.50±0.37 0.1902±46 2744±40 -48 
18.l 229 152 23 0.44 0.1775±25 0.4734±115 12.55±0.33 0.1923±14 2762±12 -10 
19.1 172 118 21 0.48 0.1890±29 0.5326±148 14.03±0.42 0.1911±15 2751±13 0 
20.1 138 80 26 0.77 0.1605±42 0.5080±140 13.36±0.41 0.1908±21 2749±18 -4 
21.1 253 159 17 0.27 0.1711±21 0.5088±125 13.42±0.35 0.1913±12 2753±10 -4 
22.1 192 81 18 0.36 0.1133±26 0.5293±128 14.08±0.37 0.1929±13 2768±11 -1 
23.1 179 88 102 2.32 0.2261±76 0.4966±133 13.23±0.42 0.1932±27 2770±24 -6 
24.1 * 330 151 17 0.27 0.1597±25 0.4135±98 10.47±0.27 0.1836±13 2686±11 -17 
25.1 202 127 18 0.35 0.1679±31 0.5293±137 13.94±0.39 0.1910±15 2751±13 0 
26.l 147 72 39 1.20 0.1248±47 0.4578±136 11.83±0.39 0.1874±21 2719±19 -11 
93-982 
1.1 * 207 235 32 0.67 0.3210±35 0.4855±82 12.00±0.23 0.1793±14 2646±13 -4 
2.1 194 181 28 0.65 0.2667±36 0.4565±108 11.33±0.30 0.1801±17 2654±16 -9 
3.1 186 65 94 2.12 0.1049±59 0.4844±104 12.27±0.35 0.1837±30 2687±27 -5 
4.1 * 165 196 20 0.55 0.3587±131 0.4629±203 10.91±0.64 0.1709±59 2566±59 -4 
5.1 209 212 31 0.66 0.3011±32 0.4659±97 11.89±0.32 0.1850±26 2699±24 -9 
6.1 222 278 47 0.92 0.3883±120 0.4713±135 12.27±0.53 0.1889±55 2732±48 -9 
7.1 200 154 10 0.21 0.2160±27 0.4911±104 12.39±0.28 0.1830±12 2680±11 -4 
8.1 * 189 161 19 0.42 0.2284±25 0.5044±105 12.47±0.28 0.1792±12 2646±11 -1 
9.1 430 445 36 0.35 0.2928±30 0.4946±91 12.41±0.26 0.1820±14 2671±13 -3 
10.1 299 261 78 1.07 0.2458±31 0.5033±99 12.58±0.27 0.1813±12 2665±11 -1 
11.1 462 494 83 0.79 0.3264±36 0.4691±80 11.91±0.23 0.1842±12 2691±10 -8 
12.1 477 586 30 0.27 0.3414±25 0.4854±96 12.29±0.26 0.1836±10 2685±9 -5 
13.1 460 492 109 1.02 0.3055±22 0.4763±114 11.89±0.30 0.1811±10 2663±9 -6 
14.l 144 122 7 0.20 0.2416±30 0.5224±105 13.13±0.30 0.1822±15 2673±13 1 
15.1 * 288 161 16 0.27 0.1923±42 0.4140±137 9.12±0.34 0.1597±20 2453±22 -9 
16.1 236 226 49 0.88 0.2678±28 0.4816±91 12.03±0.26 0.1812±15 2664±13 -5 
17.1 292 253 22 0.31 0.2341±18 0.5055±91 12.76±0.25 0.1830±9 2680±8 -2 
18.1 * 385 373 52 0.66 0.2872±41 0.4214±100 9.85±0.27 0.1695±19 2553±19 -11 
19.1 200 189 14 0.32 0.2615±35 0.4608±80 11.64±0.24 0.1832±17 2682±15 -9 
20.1 274 344 85 1.48 0.3420±54 0.4312±130 10.79±0.25 0.1815±17 2667±15 -13 
21.1 * 771 555 323 1.34 0.2260±42 0.6418±133 15.85±0.40 0.1791±21 2645±19 21 
22.1 203 191 23 0.56 0.2685±26 0.4152±70 10.41±0.20 0.1818±15 2669±13 -16 
93-1007 
1.1 * 638 812 487 4.23 0.3793±46 0.3601±75 8.27±0.20 0.1665±18 2523±19 -21 
2.1 54 16 6 0.47 0.0734±45 0.5065±207 12.64±0.56 0.1810±24 2662±22 -1 
2.2 62 20 7 0.43 0.0781±53 0.5310±146 13.12±0.43 0.1792±26 2645±24 4 
3.1 160 108 9 0.23 0.1742±33 0.5143±139 12.61±0.39 0.1778±20 2633±19 2 
4.1* 921 276 492 3.29 0.0727±27 0.3271±83 7.09±.0.21 0.1572±19 2426±20 -25 
5.1 * 201 250 8 0.17 0.3181±34 0.5072±120 11.67±0.88 0.1668±114 2526±120 5 
6.1 * 185 85 5 0.10 0.1171±19 0.5864±157 16.97±0.39 0.2098±16 2904±12 2 
7.1 268 426 266 4.44 0.4733±125 0.4455±115 11.08±0.36 0.1804±32 2656±29 -11 
8.1 * 188 58 36 1.16 0.1052±38 0.3362±84 8.08±0.23 0.1742±20 2598±20 -28 
8.2 620 83 151 1.12 0.0483±27 0.4462±141 11.06±0.40 0.1798±26 2651±24 -10 
9.1 * 466 892 658 6.41 0.4958±113 0.4289±114 10.29±0.34 0.1740±30 2596±29 -11 
10.1 * 626 281 172 1.66 0.1389±47 0.3395±137 7.98±0.38 0.1704±36 2561±36 -26 
11.1 * 284 352 32 0.47 0.3021±67 0.5038±112 11.94±0.29 0.1718±12 2575±12 2 
12.1 * 656 445 624 4.93 0.2470±46 0.3816±82 9.14±0.23 0.1736±20 2593±19 -20 
13.1 * 334 364 101 1.64 0.3619±44 0.3765±99 8.96±0.27 0.1726±19 2583±18 -20 
14.1 * 610 304 405 3.38 0.1640±44 0.3955±92 8.89±0.34 0.1630±45 2487±47 -14 
15.1 * 941 1403 1574 11.10 0.3801±129 0.2790±62 6.01±0.22 0.1562±41 2415±45 -34 
16.l * 227 277 118 1.70 0.2835±40 0.6249±3455 15.25±8.50 0.1770±17 2625±16 19 
17.1 333 511 31 0.38 0.4152±25 0.5112±110 12.66±0.29 0.1796±11 2649±10 0 
18.1 * 504 428 260 2.66 0.2573±35 0.3923±90 8.73±0.22 0.1615±14 2471±15 -14 
19.1 * 555 317 227 2.48 0.2411±50 0.3352±103 7.14±0.24 0.1546±16 2398±17 -22 
20.1 * 962 546 1420 9.58 0.2299±53 0.2900±78 6.40±0.22 0.1600±30 2456±32 -33 
21.1 * 451 632 1763 17.40 0.4965±175 0.3866±89 10.07±0.47 0.1890±72 2733±64 -23 
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Table 4.6 (Continued). 
Site u Th 204pb f206 716 age Disc. 
(ppm) (ppm) (ppb) (%2 208pbf206pb 206pbJ238u 201Pbf23su 207pbf206pb (Ma)±lcr (%) 
93-1007 
22.1 * 1124 2029 470 1.89 0.4135±87 0.4526±92 10.24±0.22 0.1641±8 2498±8 -4 
93-1008 
1.1 * 180 299 302 8.44 0.4162±169 0.2872±122 7.46±0.46 0.1883±75 2728±67 -40 
2.1 201 237 6 0.09 0.3177±49 0.5423±136 13.66±0.40 0.1827±23 2677±21 4 
3.1 * 240 121 19 0.22 0.1338±24 0.5813±192 15.90±0.57 0.1984±20 2813±16 5 
4.1 * 162 66 431 12.80 0.4104±673 0.2879±295 6.14±1.40 0.1548±287 2399±355 -32 
5.1 85 69 22 0.75 0.2183±107 0.5533±245 13.70±0.74 0.1796±47 2649±44 7 
6.1 72 46 54 2.35 0.1590±139 0.4899±176 11.99±0.66 0.1775±66 2629±63 -2 
7.1 81 73 15 0.53 0.2166±76 0.5335±261 13.65±0.75 0.1856±36 2704±32 2 
8.1 70 128 44 1.93 0.1720±164 0.5076±278 12.07±0.90 0.1724±76 2581±75 3 
9.1 148 202 7 0.13 0.3856±58 0.5262±206 13.41±0.57 0.1848±25 2696±22 1 
10.1 68 42 14 0.58 0.1658±90 0.5551±201 13.87±0.62 0.1812±39 2664±36 7 
11.1 194 172 23 0.36 0.2441±35 0.5120±143 12.90±0.39 0.1827±17 2678±15 -0 
11.2 210 182 15 0.22 0.2295±41 0.5311±162 13.22±0.44 0.1805±19 2657±18 3 
12.1 93 153 49 1.75 0.4724±97 0.4699±185 11.38±0.54 0.1756±39 2612±37 -5 
13.1 154 156 29 0.57 0.2742±46 0.5204±147 12.94±0.41 0.1804±21 2656±19 2 
14.1 * 274 212 304 6.96 0.2670±108 0.2344±106 6.13±0.34 0.1896±50 2738±44 -50 
15.1 * 284 436 228 3.13 0.2925±107 0.3918±108 9.63±0.38 0.1784±46 2638±43 -19 
16.1 125 172 24 0.59 0.3727±71 0.5072±188 12.75±0.54 0.1824±30 2674±27 -1 
16.2 122 162 22 0.58 0.3745±86 0.4812±467 12.01±1.20 0.1810±38 2662±35 -5 
17.1 120 127 17 0.42 0.2822±99 0.5190±212 13.12±0.66 0.1834±45 2683±41 0 
17.2 100 112 14 0.44 0.3171±75 0.5070±162 12.53±0.48 0.1792±32 2646±30 0 
17.3 124 141 4 0.09 0.3053±74 0.5496±226 13.91±0.68 0.1836±40 2686±36 5 
17.4 107 144 21 0.65 0.3708±127 0.4737±202 11.78±0.64 0.1804±53 2657±49 -6 
18.1 138 213 27 0.66 0.3939±93 0.4549±140 11.28±0.46 0.1799±41 2652±38 -9 
19.1 * 59 35 3 0.15 0.1603±114 0.5635±254 15.26±0.86 0.1964±57 2797±48 3 
20.1 189 204 32 0.52 0.2578±59 0.5147±138 12.76±0.41 0.1798±27 2651±25 1 
21.1 76 95 15 0.57 0.3105±94 0.5340±180 13.26±0.57 0.1801±41 2654±39 4 
Notes: 1 - All ratios involving Pb refer to radiogenic Pb. Quoted uncertainties (la) are the standard error 
of the mean and refer to the last digits. 2 - Analyses with asterisks were regarded as outliers and rejected 
when calculating the weighted means of the samples. 3 - f206 (%) denotes percent of common 206pb in 
the total measured 206Pb. 4 - Disc. (%)=(206pb;238u age I 207pb;235u age - 1)* 100%. 
2666±9 Ma was determined from 18 concordant analyses after rejecting four highly 
discordant analyses (1.1, 4.1, 14.1 and 15.1) (Fig. 4.4f, Table 4.6). Grain 3 and 19 
which gave a poled age of 2812± 16 Ma (lcr) (Fig. 4.4f, Table 4.6) are interpreted to be 
xenocrysts. 
4.4 Discussion 
4.4.1. Timing of emplacement of the granitoids 
The granitoids that have been dated in the Murchison Province are two pegmatite 
banded gneisses that have an age of ca. 2.92 Ga (Wiedenbeck and Watkins, 1990; 
Nutman et al., 1993), and a 2935±3 Ma regional monzogranite (Yeast et al. 1996) (Fig. 
4.5a, b; Fig. 4.6a). These granitoids intruded the base of the oldest observed greenstone 
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sequence, which were deposited between ca. 2.98 and 2.93 Ga and climaxed at around 
ca. 2.95 Ma (Fig. 3.17). 
Despite abundant geochronology, there is no evidence for magmatism during the next 
160 Ma (Fig. 4.6a). Although the province-wide distribution of ca. 2.8 Ga greenstone 
sequence has been observed (Schi¢tte and Campbell, 1996; this study), no granitoids of 
this age have been dated. It now appears unlikely that granitoid emplacement associated 
with the ca. 2.8 Ga volcanism will be found. Felsic magmatism at that time must be 
limited in scale. 
The emplacement ages for the external granitoids and suite I internal granitoids dated 
for this study lie between 2637-2752 and 2605-2759 Ma respectively (Table 4.3), and 
agree well with the published data of 2627-2753, and 2630-2760 Ma (Table 4.2). The 
age ranges determined for these two suites overlap (Fig. 4.5b, c ), in contradiction of the 
hypothesis of Watkins and Hickman ( 1990a, b) that the recrystallised monzogranites 
predate suite I granitoids, which were interpreted to be post-folding. The 2592-2632 Ma 
ages obtained for suite II internal granitoids (Table 4.3) fall within the range of 2602-
2641 Ma for the published data for this suite (Table 4.2, Fig. 4.5d). The oldest suite II 
pluton is ca. 120 Ma younger than both the oldest suite I and the oldest external 
recrystallised monzogranites. The intrusion of both of suite I plutons and the external 
recrystallised monzogranites started at ca. 2.76 Ga (Fig. 4.5b, c; Fig. 4.6a), synchronous 
with the onset of felsic volcanism in the youngest ca. 2.76 to 2.70 Ga greenstone 
sequence (Fig. 3.17a) in the Murchison Province, and continued till ca. 2.60 Ga (Fig. 
4.5b, c). This indicates that both the greenstones and granitoids developed in a single 
thermal-magmatic event at ca. 2.7 Ga. This event is the most important of the three 
cycles of volcanism in the Murchison and it dominates the granitoids. There is, 
however, a marked difference in the time range for the intrusive and extrusive felsic 
magmas. For the granitoids the time range is ca. 2.76 to 2.60 Ga whereas for the 
supracrustals it is ca. 2.76 to 2.70 Ga. The implication is that the older granitoids, which 
often form small internal stocks and porphyritic dykes, are able to penetrate the crust 
and erupt at the surface whereas the younger granitoids, which form large regional 
batholiths, are not. 
4.4.2. Relationship between size, deformation, and timing of granitoids 
emplacement 
The extent of deformation was used by Watkins and Hickman ( 1990a, b) as field 
evidence to interpret the order of emplacement of the granitoid suites in the Murchison 
Province. Strongly deformed, regional recrystallised monzogranites were believed to 
have been emplaced prior to the weakly deformed suite I and suite II intrusions, which 
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were interpreted to be post-folding (Watkins and Hickman, 1990a, b; Watkins et al., 
1991). 
The results obtained from the present study show considerable overlap between the 
ages for the regional recrystallised monzogranites and the two post-folding suites, 
particularly suite I granitoids. This observation confirms the results reported by Schi1<1tte 
and Campbell ( 1996) and supports their argument that there is no consistent 
relationship between the external recrystallised monzogranites and the internal post-
folding granitoids, and no correlation between the degree of deformation and the timing 
of their emplacement. Variations in the degree of deformation have attributed to the 
heterogeneous distribution of strain. Thus although the regional monzogranites are 
strongly deformed, most of the strain is absorbed at the margins of the greenstone belts 
so that the internal plutons show little sign of deformation (Schi1<1tte and Campbell, 
1996). The earliest deformation (Dl) in the Murchison Province was also 
heterogeneous as revealed by the recognition of a ca. 2935 Ma regional monzogranite, 
which show no obvious sign of deformation (Yeast et al., 1996). 
Similar to the observation in the Murchison Province, some gneisses are younger than 
apparently undeformed granites in the Eastern Goldfields Province (Champion et al., 
1997). At the Narryer Gneiss Complex in the Western Gneiss Terrain, gneisses with 
similar appearance have distinct ages of ca. 3.3 and 2.6 Ga (Nutman et al., 1991). Field-
based observations, at isolated outcrops, can therefore not be used to predict the relative 
order of the granitoids emplacement in the Yilgam Craton. 
In general, suite II internal granitoids are bigger than recrystallised monzogranites 
which are in tum are larger than the internal intrusions of suite I. Although there is no 
consistent relationship between the size of the plutons and age, the oldest intrusions 
tend to be relatively smaller suite I internal plutons. 
4.4.3. Xenocrystic zircon ages 
Xenocrystic zircons were found from granitoids in the Murchison Province by both this 
and previous studies (Nutman et al., 1993; Wiedenbeck and Watkins, 1993; Schi1<1tte 
and Campbell, 1996; Mueller et al., 1996; Pidgeon and Hallberg, in press). The 
available data are given in Table 4.1 and summarised in Figure 4.6b. 
Figure 4.6b clearly shows three age peaks for granitoids xenocrysts: a broad peak 
between ca. 2.9 and 2.96 Ga and sharp peaks at ca. 2.8 Ga and 2.75 Ga. These peaks 
record the three distinct thermal events that affected the Murchison Province lower 
crust and they correlate with the three greenstone sequences recognised in the province 
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(compare Fig. 4.6b and Fig. 3.17, a, b). The ca. 2.90 to 2.96 Ga ages of the oldest 
population correlate with the deposition of the oldest greenstone succession as seen at 
Golden Grove and Weld Range. The ca. 2.8 Ga ages correlate with the formation of 
Assemblage 2 of Hallberg at al. (personal communication, 1997; see also Pidgeon and 
Hallberg, in press). The youngest ages of ca. 2.70 to 2.75 Ga correspond to the 
widespread ca. 2.7 Ga greenstone sequence. Similar xenocrystic zircon age distribution 
was recognised by Schi!Z)tte and Campbell ( 1996) from the Mount Magnet area (ca. 
2.91-2.95 Ga, ca. 2.80 and 2.73 Ga). This observation was interpreted to indicate that 
there was little or no thermal activity in the Mount Magnet area between ca. 2.91-2.80 
Ga and ca. 2.80-2.75 Ga. The results obtained from the present study, and the other 
published data (Table 3.1, 4.2), support this interpretation. 
In contrast to observations from greenstones, xenocrystic zircons significantly older 
than ca. 3.0 Ga have not yet been found from any dated granitoids (compare Fig 4.6b 
and Fig. 3. l 7c ). This could imply that there is little crust older than ca. 3.0 Ga in the 
Murchison Province, and that the period between ca. 2.92 to 3.0 Ga was a major 
episode of new crustal formation rather than a period of reworking of older crust. This 
interpretation is supported by Sm-Nd isotope signature of the granitoids which will be 
discussed later. 
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5. GEOCHRONOLOGY OF THE SOUTHERN CROSS PROVINCE 
5.1 Introduction 
The Southern Cross Province has been interpreted to be a distinct granite-greenstone 
province (Gee et al., 1981) that lies in between the Murchison Province to the west and 
the Eastern Goldfields Province to the east, and adjacent to the Western Gneiss Terrain 
in the southwest (Fig. 1.1). However, the boundaries between it and the other provinces 
are poorly defined. 
The elongate to arcuate greenstone belts of the Southern Cross Province have a 
dominant north-northwest trend parallel to the regional fault system, and are surrounded 
and intruded by extensive granitoids (Fig. 5.1). Metamorphism within the province 
varies from prehnite-pumpellyite to granulite facies with the higher grades predominant 
in the south (Gee et al., 1981; Solomon et al., 1994). Gee et al. (1981) proposed a 
generalised greenstone sequence for the Southern Cross Province, consisting of a basal 
quartzitic unit overlain by a lower mafic unit, which in turn is unconformably overlain 
by a volcanogenic sedimentary unit. Griffin ( 1990) reviewed the regional geology of the 
Southern Cross Province and divided the stratigraphy into two greenstone sequences 
(Fig. 5.2a): a lower mafic and ultramafic sequence dominated by tholeiitic basalts and 
an upper sequence composed of calc-alkaline volcanic and elastic sedimentary rocks, 
which is suggested by Griffin ( 1990) to occur only in the central part of the province in 
Diemals - Marda area (Hallberg et al., 1976b; Chapman et al., 1981; Bickle et al., 1983). 
Compared with the other granite-greenstone provinces of the Yilgarn Craton, the 
Southern Cross Province has not been extensively studied. This is especially true for 
geochronology. Although some geochronology studies have been carried out in the 
central part (Bickle et al., 1983; Froude et al., 1983a; Pidgeon, 1986; Pidgeon and 
Wilde, 1990) and the southwestern margin of this province (Nemchin et al., 1994a, b), 
almost no other geochronology data were available for the Southern Cross Province 
prior to 1995. Some geochronology data have recently been reported for the supracrustal 
rocks from the Ravensthorpe greenstone belt at the extreme southern end of the 
province (Nelson, 1995; 1997a; Savage et al., 1996; Fig. 5.1). The relationship between 
the greenstone sequences, the granitoids intrusions in Southern Cross Province and 
those in the adjacent Murchison and Eastern Goldfields Provinces, are not yet well 
understood, largely because of lack of geochronological data. 
In this study, supracrustal rocks and granitoids from two greenstone belt were dated: the 
Gum Creek greenstone belt at the extreme northern end of the province, and the Lake 
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Johnston greenstone belt near the southeastern corner (Fig. 5.1). The data help to 
constrain the timing of the greenstone sequences formation and granitoids emplacement 
in the Gum Creek greenstone belt, and the timing of volcanism and primary nickel 
sulfide mineralisation in the Lake Johnston greenstone belt. This study fills gaps in the 
geochronology of the central northern and southern Yilgarn Craton and, combined with 
previous geochronology data, allows the evolution of the Yilgarn Craton to be 
considered as a whole. 
5.2 Gum Creek greenstone belt 
5.2.1 Introduction 
The Gum Creek greenstone belt is located at the northern end of the Southern Cross 
Province, and is separated from other greenstone belts in the adjacent Murchison and 
Eastern Goldfields Provinces by extensive granitoid intrusions (Fig. 1.1, 5.1 and 5.3). Its 
geology has been described by Tingey (1985) and Otterman (1990), and is summarised 
by Beeson et al. (1993). It has a NNW trending synclinal structure (Elias et al., 1982). 
Some faults and joint sets, which are subparallel to the synclinal axis, were inferred 
112 
26 °45 I 
-26°45 1 
-27°00 I 
-27°15' 
93-996 
2652±14 
-27°30 I 
-27°45 1 
I 
119 3o 
SOUTHERN CROSS PROVINCE 
B 
m + + 
E2J 
m 
53 
* 
~ 
W.A. 
/Yilgam 
Outline 
Proterozoic dolerite dyke 
Granitoids 
Undivided felsic rocks 
Mafic intrusives 
Basic to intermediate volcanics 
and volcanogenic sediments 
Ultramafic intrusives 
Sediments 
Banded iron formation 
Basic volcanics 
Inferred tectonic break 
Fault 
Supracrustal rock sample 
Granitoid sample 
N 
l 
20 km 
Fig. 5.3 Simplified geology of the Gum Creek greenstone belt showing the approximate localities and 
ages of the studied samples. The inlet map shows the Yilgarn outline, its subdivision and the approximate 
locality of the Gum Creek greenstone belt (W - Western Gneiss Terrain, M - Murchison Province, S -
Southern Cross Province, E - Eastern Goldfields Province). Modified from Otterman et al. ( 1990). 
from the aeromagnetic and satellite images (Otterman, 1990; Fig. 5.3). The greenstone 
belt is subdivided by Beeson et al. (1993) into five volcano-sedimentary stratigraphic 
units of felsic and mafic volcanic rocks (Fig. 5.2b). This subdivision is based on the 
supracrustal rocks of the eastern flank of the greenstone belt where the best outcrops 
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occur and where all five units are presented. The greenstones have undergone 
dominantly greenschist facies metamorphism. The felsic volcanic and sedimentary 
rocks, which host the Gidgee gold deposit, are generally poorly exposed and deeply 
weathered (Tingey, 1985; Otterman 1990). 
Three supracrustal rocks and four granitoids from the Gum Creek greenstone belt were 
dated in this study. The localities of the analysed samples are shown in Figure 5.3. The 
analytical results are presented in Table 5.1 and in Figure 5.4 as conventional concordia 
plots and combined histogram and cumulative relative probability plots of 207pb/206pb 
age. 
5.2.2 Analytical results 
5.2.2.1 Supracrustal rocks 
Sample 93-995 is a schistose meta-rhyolite with quartz, plagioclase and amphibole as 
phenocrysts set in a fine-grained quartz-feldspar groundmass. The foliation is defined 
by amphibole. This rock was collected from the base of the Unit III, the lowest of the 
felsic volcano-sedimentary units (Fig. 5.2b, 5.3). The zircons are prismatic, pale pink in 
colour with euhedral zoning. Forty analyses were carried out on thirty-seven grains. 
Most lead loss (Fig. 5.4a) is recent but some grains, with high U content and lower 
207pb/206pb ages, show Proterozoic Pb loss. This could be related to the intrusion of 
the Proterozoic dykes into the greenstone belt. No old zircon cores were observed in this 
sample by either microscope work or analysis. The histogram and the plot of cumulative 
207pb/206pb ages shows a strong peak at ca. 2.7 Ga and a few small peaks at younger 
ages (Fig. 5.4b). An age of 2702±6 Ma was calculated from the sixteen least disturbed 
analyses (Table 5.1). This is interpreted as the best estimate of the age for the sample. 
93-996 is a porphyritic meta-rhyolite collected from Unit III, - 300 m northwest of 93-
995 (Fig. 5.2b, 5.3). It contains K- feldspar and quartz phenocrysts in a microcrystalline 
quartz + feldspar groundmass. Zircons extracted from this sample are equant and 
prismatic, pale pink in colour with well developed euhedral zoning. Data were obtained 
for 22 sites from 20 grains (Table 5.1). Only recent lead loss is observed for the zircons 
(Fig. 5.4c). The age of 2652±18 Ma is determined from the seven concordant analyses 
from the main group of zircons (18.1, 20.1, 6.1, 12.1, 16.1, 3.1 and 11.1). Those data 
combined with nine other discordant ones, give an age of 2652±14 Ma. This is 
interpreted to be the crystallisation age of the rock, and an age of 2722± 14 Ma obtained 
from four analyses (4.1, 3.2, 9.1 and 7.1) is tentatively interpreted as dating the 
xenocrystic grains. If all analyses are included, regardless of the criteria mentioned in 
Chapter 2, an age of 2671 ±20 Ma is obtained. The histogram and the cumulative 
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Table 5.1 SHRIMP U-Pb zircon data obtained for the greenstones and granitoids from the Gum Creek 
greenstone belt in the Southern Cross Province 
Site u Th Pb f206 7/6 age Disc. 
(ppm) (ppm) (ppb) (%2 208pb/206pb 206pb/23su 201Pbt23su 207pb/206pb (Ma)±l 0 (%) 
93-995 
1.1 * 227 124 127 3.04 0.1481±32 0.3719±68 9.60±0.20 0.1872±14 2718±13 -25 
2.1 * 938 827 494 9.82 0.2916±54 0.1007±31 2.45±0.09 0.1765±36 2620±34 -76 
3.1 * 559 164 26 0.20 0.0735±8 0.4846±83 12.14±0.22 0.1817±6 2668±5 -4 
4.1* 216 252 37 1.08 0.1482±24 0.3229±59 8.23±0.17 0.1849±14 2698±13 -33 
5.1 * 348 284 38 0.50 0.1833±30 0.4595±154 11.46±0.42 0.1809±18 2661±16 -8 
6.1 * 795 494 58 0.40 0.1640±26 0.3807±115 8.125±0.27 0.1548±15 2399±17 -13 
7.1 * 439 299 13 0.13 0.1840±22 0.4714±95 11.69±0.29 0.1798±22 2651±20 -6 
8.1 * 392 178 88 1.20 0.1139±50 0.3869±119 9.46±0.31 0.1773±16 2628±15 -20 
9.1 127 76 10 0.32 0.1581±19 0.5097±118 12.95±0.32 0.1843±13 2692±12 -1 
9.2 129 78 18 0.55 0.1568±28 0.5155±170 13.07±0.46 0.1838±15 2688±14 0 
10.1 * 377 135 56 0.71 0.0542±13 0.4312±114 10.35±0.28 0.1740±8 2597±8 -11 
11.1 334 129 14 0.17 0.0972±12 0.5053±103 12.88±0.27 0.1849±7 2696±6 -2 
11.2 249 92 14 0.24 0.0988±16 0.4891±151 12.52±0.41 0.1857±14 2704±12 -5 
12.1 * 638 279 41 0.31 0.1177±15 0.4314±147 10.02±0.37 0.1685±18 2543±18 -9 
13.1 * 3164 5477 315 6.86 0.4924±58 0.0282±134 0.414±0.02 0.1066±23 1742±40 -90 
14.1 * 630 288 219 1.86 0.1181±26 0.3811±96 8.637±0.24 0.1644±16 2501±16 -17 
15.l 273 169 35 0.50 0.1563±25 0.5220±166 13.28±0.44 0.1845±13 2694±11 1 
16.l 213 216 26 0.52 0.1025±23 0.4747±153 12.15±0.41 0.1856±12 2704±10 -7 
17. l * 328 216 120 1.52 0.1356±31 0.4897±153 12.26±0.41 0.1816±16 2667±15 -4 
18.l * 1418 1513 510 6.32 0.3143±52 0.1111±37 2.123±0.08 0.1386±21 2210±26 -69 
19. I* 450 285 220 2.15 0.1229±61 0.4624±135 11.25±0.35 0.1764±14 2620±13 -6 
20.l* 268 188 159 2.31 0.0945±36 0.5204±163 12.36±0.42 0.1722±17 2579±16 5 
21.1 346 197 41 0.48 0.1483±31 0.5031±188 12.81±0.51 0.1847±18 2695±16 -2 
21.2 412 244 103 1.01 0.1661±24 0.5145±153 13.10±0.41 0.1847±12 2695±11 -1 
22.l * 225 123 12 0.21 0.1435±24 0.5040±154 13.15±0.43 0.1893±15 2736±13 -4 
23.l 242 223 102 1.90 0.1648±36 0.4519±135 11.54±0.37 0.1852±17 2700±15 -11 
24.l * 209 139 100 1.77 0.1498±46 0.5513±190 13.34±0.50 0.1755±21 2611±20 8 
25.1 * 857 828 90 0.63 0.2151±41 0.3452140 7.445±0.33 0.1565±19 2418±21 -21 
26.l * 482 369 27 0.28 0.2019±18 0.4168±122 9.905±0.30 0.1724±9 2581±9 -13 
27.1 * 353 902 191 2.97 0.1600±40 0.3669±112 9.32±0.31 0.1842±18 2691±16 -25 
28.l * 896 1043 61 0.40 0.3323±21 0.3535±102 6.693±0.20 0.1373±7 2194±9 -11 
29. l * 213 92 81 1.87 0.1196±38 0.4169±134 10.48±0.36 0.1824±18 2675±18 -16 
30.l 278 157 23 0.33 0.1499±18 0.5169±165 13.24±0.44 0.1858±11 2705±8 -1 
31.1 379 297 32 0.35 0.2145±16 0.5063±149 13.04±0.39 0.1868±8 2715±7 -3 
32.l 144 97 21 0.59 0.1812±32 0.5215±162 13.19±0.43 0.1834±15 2684±13 1 
33.l 219 181 33 0.64 0.1880±27 0.4830±160 12.50±0.43 0.1877±13 2722±12 -7 
34.1 247 88 53 1.00 0.0802±31 0.4419±139 11.46±0.39 0.1881±17 2726±15 -14 
35.1 271 149 28 0.41 0.1304±21 0.5153±154 13.23±0.42 0.1863±13 2710±12 -1 
36.1 * 460 385 36 0.40 O.l 850±19 0.4024±121 9.731±0.30 0.1754±10 2610±9 -17 
37.1 * 150 137 26 0.68 0.2350±40 0.5196±178 12.91±0.48 0.1802±18 2654±16 2 
93-996 
1.1 305 2518 128 2.91 0.2235±66 0.2900±111 7.35±0.32 0.1838±30 2688±28 -39 
2.1 426 4476 199 3.62 0.1629±91 0.2591±74 6.48±0.26 0.1814±44 2666±40 -44 
3.1 (r) 106 78 78 0.44 0.1548±41 0.5047±158 12.38±0.44 0.1779±23 2633±21 0 
3.2 (c)* 177 191 1 0.02 0.1762±36 0.4843±134 12.58±0.38 0.1885±18 2729±16 -7 
4.1 * 273 1200 106 2.72 0.3125±91 0.2889±193 7.56±0.53 0.1898±28 2740±25 -40 
5.1 309 1904 1904 4.78 0.3893±84 0.2078±76 5.05±0.22 0.1762±35 2618±33 -53 
6.1 6.1 234 61 1.67 0.2621±83 0.5137±144 12.69±0.48 0.1792±40 2646±38 1 
7.1 * 192 712 36 1.00 0.1581±55 0.3845±132 9.86±0.38 0.1860±25 2708±22 -22 
8.1 192 211 211 0.75 0.1800±49 0.4169±216 10.26±0.65 0.1784±55 2638±52 -15 
9.1 * 188 224 70 1.59 0.1162±48 0.4782±121 12.30±0.36 0.1865±22 2712±19 -7 
10.l 513 1956 1956 2.05 0.2559±75 0.2546±101 6.11±0.28 0.1740±32 2596±31 -44 
11.1 156 191 191 1.12 0.1501±49 0.5139±144 12.56±0.44 0.1772±32 2627±30 2 
12.1 12.l 105 17 0.39 0.1167±43 0.5129±148 12.66±0.40 0.1790±19 2644±18 1 
12.2 249 824 91 1.97 0.1285±53 0.3791±115 9.52±0.34 0.1822±27 2673±25 -22 
13.1* 1049 2596 2596 2.36 0.0764±375 0.3852±368 8.96±1.28 0.1687±160 2544±169 -17 
14.1 151 327 42 1.36 0.1055±61 0.4198±349 10.44±0.98 0.1804±61 2657±57 -15 
15. l * 469 2075 2075 5.48 0.1538±95 0.1972±64 4.52±0.19 0.1661±38 2519±39 -54 
16.1 16.1 132 20 0.77 0.1278±53 0.5026±118 12.40±0.46 0.1789±46 2643±43 -1 
17.l 141 157 24 0.71 0.1467±44 0.4950±99 12.38±0.35 0.1814±32 2665±29 -3 
18.l 184 262 19 0.47 0.1098±38 0.4647±154 11.80±0.43 0.1841±22 2690±20 -8 
19.l 19. l 1152 122 2.82 0.1261±70 0.3253±72 8.01±0.24 0.1786±34 2640±32 -31 
20.l 264 1182 92 2.38 0.2009±93 0.2990±165 7.54±0.45 0.1828±32 2678±29 -37 
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Table 5.1 (Continued). 
Site u Th Pb f206 716 age Disc. 
(ppm) (ppm) (ppb) {%2 208pbf206pb 206pbf23Su 201rbf23su 207 Pbf206pb (Ma)±lCT (%) 
93-998 
1.1 * 33 15 21 7.12 0.0563±35 0.1699±67 1.36±0.35 0.0578±144 1012±37'l[ 93 
2.1 (c)* 149 186 96 2.14 0.6065±102 0.6150±123 20.29±0.53 0.2393±34 3115±23 -1 
2.2 (c)* 249 258 293 4.09 0.6452±232 0.5753±213 19.36±0.88 0.2441±55 3147±36 -7 
2.3 (r)* 955 396 237 0.96 0.2598±100 0.5352±78 14.23±0.36 0.1928±36 2766±31 0 
3.1 * 505 378 46 0.55 0.2489±37 0.3452±45 5.73±0.08 0.1204±6 1962±9 -3 
4.1 211 277 21 0.40 0.3098±65 0.5065±82 12.40±0.23 0.1776±13 2630±13 0 
4.2 216 276 9 0.15 0.3225±40 0.5432±103 13.58±0.29 0.1813±14 2665±13 5 
4.3 172 223 13 0.32 0.3123±24 0.4736±73 11.62±0.20 0.1780±10 2634±10 -5 
4.4 277 389 27 0.38 0.3656±75 0.5305±106 13.67±0.33 0.1869±21 2715±18 1 
5.1 143 497 149 6.36 0.3104±124 0.3195±65 8.19±0.30 0.1859±52 2706±47 -34 
5.2 125 258 108 4.95 0.2625±129 0.3456±74 8.55±0.33 0.1794±54 2647±51 -28 
5.3 200 607 137 3.69 0.2784±106 0.3739±94 9.41±0.32 0.1826±37 2676±34 -23 
5.4* 215 498 244 6.82 0.3691±114 0.3221±55 8.81±0.27 0.1984±48 2813±40 -36 
6.1 (c)* 245 768 222 7.89 0.6666±116 0.2198±35 7.86±0.22 0.2594±53 3243±33 -60 
6.2 (r)* 324 976 252 6.45 0.6230±138 0.2349±50 7.11±0.24 0.2195±50 2977±37 -54 
7. l(m)* 143 254 53 1.86 0.3089±48 0.4085±64 11.51±0.22 0.2043±20 2861±16 -23 
7.2 (c)* 343 952 299 5.97 0.4224±102 0.2867±47 8.46±0.23 0.2140±42 2936±32 -45 
8.1 (c)* 463 930 313 8.49 0.5466±83 0.1516±19 4.53±0.09 0.2165±32 2955±24 -69 
9.1 (c)* 133 343 87 3.61 0.5285±79 0.3620±58 11.00±0.25 0.2205±31 2984±23 -33 
10.l * 142 213 98 3.33 0.3002±66 0.4147±93 11.59±0.31 0.2027±25 2848±20 -21 
11.l (c)* 201 477 150 4.81 0.4802±72 0.3077±51 10.33±0.22 0.2436±28 3144±18 -45 
12.1 * 76 83 13 1.88 0.3427±167 0.1826±53 1.88±0.17 0.0746±61 1058±173 2 
93-994 
1.1 133 123 52 1.70 0.2340±217 0.4799±214 11.80±0.89 0.1784±99 2638±95 -4 
2.1 205 207 38 0.80 0.2846±115 0.4816±252 12.17±1.01 0.1832±58 2682±54 -6 
3.1 37 151 27 0.79 0.2966±64 0.5065±149 12.92±0.45 0.1850±29 2699±26 -2 
4.1 * 847 352 456 2.70 0.4776±183 0.3971±508 9.54±1.24 0.1743±21 2600±20 -17 
5.1 107 106 12 0.42 0.2716±41 0.5511±158 14.25±0.44 0.1875±17 2720±15 4 
6.1 119 122 17 0.59 0.2737±156 0.5145±424 13.23±1.28 0.1865±77 2711±70 -1 
7.1 72 71 34 1.80 0.2467±71 0.5189±149 13.07±0.46 0.1827±32 2678±29 1 
8.1 136 171 29 0.84 0.3553±60 0.5318±295 13.66±0.80 0.1862±23 2709±20 2 
9.1 379 696 22 0.24 0.5107±24 0.5045±120 13.14±0.33 0.1890±10 2733±9 -4 
10.1 215 213 21 0.38 0.2722±25 0.5211±133 13.51±0.37 0.1881±12 2726±11 -1 
11.1 214 298 18 0.32 0.3761±117 0.5404±241 14.15±0.76 0.1899±47 2742±41 2 
12.1 94 89 19 0.79 0.2519±91 0.5192±163 13.22±0.54 0.1847±40 2696±37 0 
13.1 146 138 25 0.69 0.2541±50 0.5107±143 13.04±0.41 0.1852±22 2700±19 -2 
14.1 195 231 1 0.02 0.3279±34 0.4932±125 12.96±0.35 0.1906±13 2747±11 -6 
15.1 137 112 8 0.23 0.2218±28 0.5042±136 12.98±0.38 0.1867±15 2714±13 -3 
17.1 238 107 23 0.38 0.1236±112 0.5284±308 13.55±0.99 0.1859±70 2706±64 1 
18.1 * 272 160 8 0.14 0.1955±24 0.4412±123 11.01±0.32 0.1810±13 2662±12 -11 
19.1 124 131 9 0.32 0.2878±35 0.4850±135 12.41±0.37 0.1856±14 2704±13 -6 
20.1 135 144 17 0.49 0.3001±48 0.5166±153 13.44±0.44 0.1887±20 2731±18 -2 
21.1 178 190 20 0.44 0.2867±33 0.5155±144 13.46±0.40 0.1894±14 2737±12 -2 
22.1 161 169 14 0.37 0.2961±28 0.4972±125 12.84±0.35 0.1873±13 2719±11 -4 
23.1 151 155 10 0.30 0.2854±41 0.4839±163 12.45±0.45 0.1866±20 2713±17 -6 
93-992 
1.1 197 105 26 0.52 0.1466±33 0.5374±127 13.72±0.36 0.1852±16 2700±15 3 
2.1 157 143 17 0.44 0.2409±41 0.5168±134 13.04±0.38 0.1829±20 2680±18 0 
2.2 255 224 20 0.33 0.2368±34 0.5074±106 12.87±0.32 0.1839±19 2689±17 -2 
3.1 * 397 274 52 0.65 0.1891±31 0.4219±247 10.21±0.64 0.1756±29 2612±28 -13 
4.1 360 330 82 0.90 0.2734±82 0.5213±143 13.72±0.48 0.1909±34 2750±30 -2 
4.2 521 520 19 0.15 0.2819±20 0.5035±100 12.91±0.27 0.1859±10 2707±9 -3 
4.3* 510 439 73 0.82 0.2345±27 0.3589±71 8.28±0.19 0.1673±14 2531±14 -22 
5.1 259 106 26 0.40 0.1104±28 0.5244±121 13.24±0.34 0.1832±15 2682±14 1 
5.2 238 104 24 0.42 0.1300±26 0.5046±124 12.89±0.34 0.1852±14 2700±12 -2 
5.3* 252 106 75 1.36 0.1348±51 0.4506±114 11.24±0.33 0.1810±23 2662±21 -10 
6.1 220 115 5 0.08 0.1317±36 0.5482±129 14.03±0.38 0.1856±19 2704±17 4 
6.2* 267 136 154 3.52 0.1929±63 0.3295±68 8.79±0.24 0.1934±30 2772±25 -34 
7.1 * 522 491 97 0.76 0.2440±28 0.5021±104 12.33±0.27 0.1781±10 2636±9 -1 
8.1 * 464 435 117 1.35 0.2682±30 0.3863±116 9.72±0.31 0.1825±14 2676±12 -21 
9.1 * 753 630 72 0.45 0.2286±19 0.4362±95 10.18±0.24 0.1692±10 2550±10 -8 
10. l 268 120 55 0.84 0.1433±31 0.5064±109 13.12±0.32 0.1879±17 2724±15 -3 
11.1 * 371 317 148 1.62 0.2840±33 0.5048±122 13.23±0.35 0.1901±15 2743±13 -4 
12.1 * 456 324 101 0.95 0.2849±25 0.4789±116 11.37±0.29 0.1722±11 2579±10 -2 
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Table 5.1 (Continued). 
Site u Th Pb f206 7/6 age Disc. 
(ppm) (ppm) (ppb) (%2 208pb/206pb 206pbf238u 207Pb;23su 207 Pb/206pb (Ma)±! cr (%) 
93-992 
13.1 * 365 242 208 2.92 0.2713±44 0.3947±83 10.48±0.26 0.1926±20 2764±17 -22 
14.l * 476 349 124 1.18 0.2115±24 0.4546±99 11.12±0.26 0.1775±11 2629±10 -8 
15.1 225 171 4 0.07 0.2076±25 0.5483±134 14.03±0.37 0.1856±12 2704±11 4 
15.2 205 152 6 0.11 0.2108±27 0.5280±143 13.45±0.39 0.1847±13 2696±11 1 
16.1 * 318 100 191 2.46 0.1057±41 0.4969±127 12.79±0.36 0.1866±18 2712±16 -4 
16.2* 375 115 127 1.50 0.1111±37 0.4631±112 12.17±0.32 0.1906±14 2747±12 -11 
17.1 * 156 122 51 1.49 0.1646±115 0.4545±451 11.56± l.28 0.1844±69 2693±63 -10 
18. l 260 129 20 0.31 0.1343±27 0.5115±128 12.90±0.35 0.1829±14 2679±13 -1 
18.2 248 124 17 0.27 0.1382±20 0.5123±101 13.07±0.28 0.1850±11 2698±10 -1 
93-993 
1.1 * 690 66 1865 21.5 0.2604±824 0.2059±120 4.17±0.96 0.1469±315 2310±424 -48 
2.1 68 59 53 3.02 0.2663±141 0.5219±110 12.81 ±0.53 0.1781±59 2635±56 3 
2.2 54 59 10 0.78 0.2933±91 0.5114±120 12.59±0.42 0.1786±38 2640±36 1 
3.1 * 201 31 1590 49.2 0.9578±941 0.1697±134 3.46±0.82 0.1481±317 2324±422 -57 
4.1 (c)* 52 45 13 0.84 0.2152±115 0.5906±153 19.39±0.86 0.2381±78 3107±53 -4 
4.2 (r)* 296 209 5484 45.3 1.0143±933 0.4652±310 12.00±2.18 0.1871 ±300 2717±292 -9 
5.1 (c)* 123 137 80 2.43 0.3341±68 0.5407±135 17.41±0.51 0.2335±30 3076±20 -9 
6.1 (c)* 244 210 1044 13.6 0.3726±72 0.5671±106 19.97±0.54 0.2554±45 3219±28 -10 
7.1 176 214 18 0.42 0.3352±35 0.5115±102 12.56±0.28 0.1781±14 2635±14 1 
7.2 199 245 55 1.21 0.3452±74 0.4691±112 11.41±0.38 0.1764±35 2620±34 -5 
8.1 178 160 298 7.18 0.3306±82 0.4511±90 11.11±0.32 0.1787±33 2641±32 -9 
9.1 * 124 150 151 8.85 0.4914±144 0.2607±61 6.71±0.27 0.1868±59 2714±52 -45 
10.1 733 2693 18005 53.4 1.4195±438 0.4461±276 10.73±1.12 0.1745±134 2602±134 -9 
11.l 253 195 65 1.10 0.2181±32 0.4866±91 12.03±0.25 0.1793±14 2646±13 -3 
11.2 171 113 143 4.28 0.2569±61 0.3900±81 9.50±0.26 0.1767±26 2622±24 -19 
12.l(m)* 478 172 5837 41.8 0.8097±151 0.3536±158 9.48±0.52 0.1945±53 2780±45 -30 
13.l 333 232 5688 42.7 0.9062±186 0.4772±88 11.78±0.50 0.1790±65 2644±62 -5 
14.1 266 394 1207 18.2 0.6469±245 0.4250±96 10.37±0.61 0.1769±91 2624±88 -13 
15.1 216 434 7 0.12 0.5399±288 0.5275±339 12.36±1.05 0.1700±81 2557±82 7 
16.l(m)* 238 349 1836 20.3 0.4772±434 0.6307±201 18.28± l.53 0.2103±155 2908±124 8 
17.l(c)* 247 162 954 9.66 0.3001±139 0.7523±190 35.46±1.18 0.3419±64 3671±29 -2 
18.1 * 725 623 3836 39.8 l.0892±736 0.1669±93 4.47±0.62 0.1943±236 2779±214 -64 
19.1 329 136 3011 32.7 0.5532±128 0.3924±103 9.68±0.60 0.1789±94 2643±90 -19 
20.1 * 301 162 311 4.85 0.1944±43 0.4210±79 9.79±0.22 0.1687±18 2545±18 -11 
21.l 147 136 429 11.0 0.2477±166 0.4918±99 12.69±0.50 0.1871±59 2717±53 -5 
93-1000 
1.1 324 269 21 0.30 0.2416±27 0.4576±52 11.62±0.16 0.1842±12 2691±10 -10 
2.1 * 296 845 23 0.34 0.7751±43 0.4771±82 11.64±0.22 0.1769±11 2625±11 -4 
3.1 189 301 8 0.18 0.4561±47 0.5083±94 12.87±0.28 0.1837±16 2687±15 -1 
4.1 143 141 3 0.08 0.2728±55 0.5611±103 14.34±0.33 0.1854±21 2702±19 6 
5.1 * 271 465 343 5.63 0.6032±86 0.4412±57 12.79±0.28 0.2103±34 2908±26 -19 
5.2* 293 424 627 12.6 0.7483±120 0.3082±50 10.22±0.32 0.2405±62 3124±41 -45 
6.1 * 332 418 100 1.65 0.3819±54 0.3713±55 9.35±0.19 0.1826±23 2677±21 -24 
7.1 * 211 663 16 0.28 0.8229±121 0.5482±84 13.63±0.24 0.1803±12 2655±11 6 
7.2 234 646 17 0.28 0.7298±86 0.5349±85 13.51±0.32 0.1832±20 2682±18 3 
8.1 * 215 278 236 8.03 0.5581±120 0.2622±38 6.61±0.22 0.1827±50 2678±46 -44 
9.1 234 400 3 0.05 0.4557±45 0.5225±79 13.24±0.23 0.1838±12 2687±11 1 
10.1 225 194 3 0.05 0.2271±27 0.5238±115 13.24±0.32 0.1834±15 2684±14 1 
11.1 209 171 33 0.66 0.2332±41 0.4866±94 12.19±0.28 0.1817±19 2668±17 -4 
11.2* 634 630 57 0.67 0.2574±267 0.2774±51 4.77±0.13 0.1246±23 2023±34 -22 
12.1 * 214 163 146 3.24 0.2232±77 0.4241±90 10.44±0.31 0.1786±34 2640±31 -14 
13.1 168 198 7 0.19 0.3237±50 0.4758±122 12.05±0.34 0.1837±18 2686±16 -7 
14.1 244 210 20 0.34 0.2304±32 0.4936±107 12.34±0.30 0.1814±15 2666±14 -3 
15.1 108 144 9 0.34 0.3471±51 0.4912±125 12.56±0.37 0.1855±22 2702±20 -5 
15.2* 421 542 245 4.18 0.4283±180 0.2779±133 5.94±0.40 0.1551±66 2403±74 -34 
16.1* 202 202 56 1.95 0.3114±84 0.2875±167 7.18±0.46 0.1813±39 2665±32 -39 
17.1 145 278 19 0.61 0.5640±62 0.4372±84 10.97±0.26 0.1820±22 2671±20 -13 
18.1 124 206 2 0.07 0.4464±80 0.4837±186 12.17±0.52 0.1825±26 2675±23 -5 
18.2 268 196 9 0.14 0.2042±20 0.4811±110 12.32±0.30 0.1857±13 2705±12 -6 
19.1 102 124 13 0.59 0.3141±50 0.4645±104 11.47±0.32 0.1790±24 2644±23 -7 
20.1 * 103 125 30 1.34 0.3799±74 0.4399±219 11.70±0.64 0.1929±34 2767±29 -15 
20.2 125 158 5 0.18 0.3465±68 0.4569±144 11.49±0.42 0.1823±28 2674±26 -9 
21.1 201 223 10 0.21 0.2969±39 0.4897±89 12.15±0.26 0.1800±18 2653±17 -3 
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Table 5.1 (Continued). 
Site u Th Pb f206 7/6 age Disc. 
(ppm) (ppm) (ppb) {%1 208pbf206pb 206pbf23Su 201rb;23su 207 Pb/206pb (Ma)±l 0 (%) 
93-1006 
1.1* 290 433 343 4.71 0.4829±180 0.4978±106 12.54±0.53 0.1827±62 2677±57 -3 
2.1 459 727 105 0.96 0.4825±23 0.4873±117 12.29±0.30 0.1830±7 2680±6 -5 
3.1 * 892 401 323 2.50 0.2267±838 0.2933±337 6.73±0.41 0.1665±267 2522±299 -34 
4.1 * 1662 4861 15025 49.8 2.0330±665 0.1897±74 4.44±0.57 0.1696±200 2554±212 -56 
5.1 * 99 97 5 0.20 0.2714±26 0.4893±111 12.17±0.30 0.1803±12 2656±11 -3 
5.2 89 89 3 0.15 0.2766±32 0.5075±124 12.80±0.34 0.1829±16 2679±14 -1 
6.1* 216 290 642 13.0 0.6456±247 0.4124±118 10.64±0.66 0.1871±96 2717±87 -18 
7.1 127 118 4 0.15 0.2577±37 0.4857±103 12.23±0.30 0.1825±17 2676±15 -5 
7.2 104 113 16 0.65 0.3223±39 0.4943±106 12.62±0.31 0.1852±16 2700±15 -4 
8.1 324 423 9 0.12 0.3619±19 0.5001±161 12.66±0.42 0.1836±8 2686±7 -3 
9.1 * 186 179 1 0.02 0.2678±20 0.5106±106 12.68±0.28 0.1801±11 2654±11 0 
10.1 154 212 6 0.15 0.3887±34 0.4975±109 12.52±0.30 0.1825±12 2676±11 -3 
11.1 214 205 4 0.07 0.2660±23 0.5103±114 12.94±0.31 0.1840±12 2689±10 -1 
12.1 * 151 137 140 4.51 0.3459±67 0.4092±96 10.36±0.31 0.1837±28 2686±25 -18 
13.1 * 213 166 6 0.12 0.2153±24 0.4969±105 12.51±0.28 0.1826±10 2676±9 -3 
14.1 115 106 7 0.27 0.2612±45 0.4864±108 12.19±0.32 0.1817±22 2669±20 -4 
15.1 * 84 66 25 1.55 0.2696±103 0.3871±669 10.05±1.77 0.1882±37 2727±33 -23 
15.2* 215 329 120 2.37 0.4510±35 0.4803±105 11.97±0.29 0.1807±14 2660±13 -45 
17.1 151 149 70 1.96 0.2979±35 0.4833±99 12.26±0.28 0.1840±15 2690±13 -6 
18.1 * 158 137 7 0.17 0.2437±21 0.5041±108 12.50±0.28 0.1799±10 2652±9 -1 
Notes: 1 - All ratios involving Pb refer to radiogenic Pb. Quoted uncertainties (lcr) are the standard error 
of the mean and refer to the last digits. 2 - Analyses with asterisks were regarded as outliers and rejected 
when calculating the weighted means of the samples. 3 - f206 (%) denotes percent of common 206pb in 
the total measured 206Pb. 4 - Disc. (% )=(206pb/238u age I 207pb/235u age - l)* 100%. 5 (CJ[) 
206pbf238u age. 
207pb/206pb age plot (Fig. 5.4d) shows a left skewed peak. Analysis 13.1 which has 
very high U, Th contents and large Pb/U uncertainties (Table 5.1), is not shown in the 
concordia plot. 
93-998 is a foliated volcaniclastic rock from the base of Unit V, the upper-most felsic 
volcano-sedimentary unit in the stratigraphic scheme of Beeson et al. (1993, Fig. 5.2b, 
5.3). Most of the zircons are stubby prismatic, pale pink with fine scale zoning and 
somewhat rounded edges. Cathodoluminescence imaging indicates a complicated 
growth history for these grains. A total of 22 analyses were performed on 12 grains 
(Table 5 .1). A number of groups of ages can be distinguished on the concordia plot and 
the histogram and the cumulative 207pb;206pb age plot (Fig. 5.4e and 5.4f). These are 
3134±20 (2.2, 11.1 and 2.1), 2965±21 (9.1, 6.2, 8.1, 7.2), 2852±21 (7.1, 10.1, 5.4), 
2728±48 (2.3, 4.4), 2643±16 Ma (5.1, 5.3, 4.2, 5.2, 4.3, and 4.1). The oldest age of 3243 
Ma was obtained for a zircon core (6.1). The youngest age of 2643±16 Ma, which is 
derived from six clear sites in two grains with no obvious evidence of prehistory, is 
believed to be the maximum age for the deposition of this rock, and the older ages to 
date inherited or sedimentary zircons. Three other grains (3.1, 12.1, 1.1), with 
Proterozoic ages, have probably been reset at that time or are contaminantes. These 
grains, which are clear and structureless, are distinct from the main zircon population. 
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5.2.2.2 Granitoids 
Sample 93-994 is a medium-sized recrystallised adamellite (Fig. 5.3). This sample is 
from the Montague Pluton which does not outcrop, but coincides with an elliptical 
magnetic anomaly, which is clearly visible on airborne magnetic images. It is believed 
that this intrusion has been strongly affected by regional deformation because of its 
elliptical shape and its sheared contacts with the adjacent greenstones (Beeson et al., 
1993). It is therefore interpreted to be pre- or syn-kinematic. The rock sample, collected 
from drill core, is moderately altered with biotite replaced by chlorite and feldspar to 
clay minerals and sericite. The majority of the zircons in this sample are equant to 
stubby prismatic, pink in colour, and euhedral with oscillatory zoning. The age of 
2722± 7 Ma obtained from 20 concordant sites from 23 analyses, is interpreted to date 
the crystallisation age of the rock. Discordant analyses 4.1 and 18.1 were rejected 
(Table 5.1 and Fig. 5.4g). A strong peak at ca. 2720 Ma can be seen in the histogram 
and the cumulative 207pb/206pb age plot, with minor peaks at ca. 2600 and 2670 Ma 
(Fig. 5.4h). 
93-992 is a medium to coarse-grained adamellite that intrudes the greenstone sequence 
at the southern end of the greenstone belt (Fig. 5.3). It is close to the regional fold axial 
trace, has an elliptical shape and is foliated near its intrusive contacts with neighbouring 
greenstones. Beeson et al. (1993) suggested that it was emplaced either prior to or 
synchronously with regional deformation. The analysed sample is strongly recrystallised 
and slightly altered. Zircons in the rock are prismatic, pale brown to pink in colour and 
strongly zoned. Twenty-seven analyses were carried out on 18 grains. An age of 2699± 7 
Ma was obtained from the 13 least disturbed sites (Table 5.1), and this is interpreted as 
the best estimate of the crystallisation age of the sample. The discordant data show 
evidence of multistage Pb loss of the zircons (Fig. 5.4i). This is shown in Figure 5.4j as 
a few peaks at ages younger than the main zircon population. 
93-993 is a fine-grained recrystallised granite collected from the eastern side of the 
greenstone belt (Fig. 5.3). It is almost aplitic and is slightly altered. Zircons separated 
from this sample are prismatic, transparent to pale pink and have well developed zoning. 
A few have xenocrystic cores. One of these cores (17 .1) was dated at ca. 3670 Ma, and 
four others at ca. 3.0 Ga (6.1, 4.1and5.1and16.1; Fig. 5.4k). Although analyses were 
performed on selected relatively clear sites, many of them still have a high common Pb 
content (Table 5.1). However, the 10 concordant and 3 near concordant sites have 
207pb/206pb ages that are indistinguishable within error, and give a weighted mean age 
of 2638±10 Ma (Table 5.1 and Fig. 5.4k). This age is unlikely to be strongly biased by 
early Pb loss, and by the choice of common Pb composition. As a result, it is interpreted 
as a minimum crystallisation age of this granite. The 207pb/206pb age spectrum shows 
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three peaks older than ca. 3.0 Ga, and a small peak younger than the crystallisation age, 
which are interpreted as for the disturbed members of the main population (Fig. 5.41). 
Sample 93-1000 is a foliated recrystallised biotite granite from the western side of the 
Gum Creek greenstone belt (Fig. 5.3). The zircons are stubby to elongated, pink in 
colour and zoned. Of the 27 analyses, 14 concordant and 2 near concordant sites from 
14 individual grains give an age of 2682±8 Ma (Table 5.1, Fig. 5.4m). The main zircon 
population forms the dominant peak shown in the histogram and the cumulative 
207pb/206pb age plot (Fig. 4.5n). An inherited grain (grain 5) from this sample gives 
ages of 3124±41 Ma (lcr) and 2908±26 Ma (lcr) for two different analysed sites, which 
are strongly discordant with abundant common Pb (Table 5.1 and Fig. 5.4m). Another 
grain with an age of 2767±29 Ma (lcr) may also be inherited (Table 5.1 and Fig. 5.4m). 
Few younger ages were obtained for isotopically disturbed members of the main zircon 
population. They are shown in Figure 5.4n as two small peaks to the left of the 
dominant age peak. The 2613±8 Ma obtained for the main zircon population is 
interpreted as the crystallisation age of the granite. 
Sample 93-1006 is a banded gneiss collected - 11 km east of Sandstone. The zircons 
separated from this rock are pink coloured, zoned prisms. The age of 2682±4 Ma dated 
for this sample was calculated from ten concordant analyses carried out on ten grains 
(Table. 5.1). Five discordant (3.1, 4.1, 6.1, 12.1, 15.1) and three statistical outliers (5.1, 
9.1, 18.1) were rejected. Two other analyses (1.1, 15.2), which contain high common Pb 
(207 and 145 ppb 204pb ), were also rejected. Analyses 3.1 and 15.1 have large 
counting statistic errors. They were not shown in the concordia plot (Fig. 5.40). The 
histogram and the cumulative 207pb/206pb age plot of this sample are given in Figure 
5.4p. 
5.3 Lake Johnston greenstone belt 
5.3.1 Introduction 
The Lake Johnston greenstone belt is located near the southern end of the Southern 
Cross Province between the Forrestania greenstone belt to the west and the Norseman-
Wiluna greenstone belt to the east (Fig. 1.1 and Fig. 5.1 ). Diamond drilling in the early 
1980' sled to the discovery of nickel sulfide mineralisation at the Maggie Hays nickel 
prospect within this greens tone belt, and provided suitable material for geochronology. 
The supracrustal succession in the Lake Johnston greenstone belt consists of three 
formations: the Maggie Hays Formation, the Honman Formation and the Glasse 
Formation (Gower and Bunting, 1976). The Maggie Hays Formation is greater than 
2400 m thick and is stratigraphically the lowest of the formations. It consists of mafic 
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and ultramafic extrusive rocks intruded by dolerite sills, with minor sedimentary rocks. 
The Honman Formation, which conformably overlies the Maggie Hays Formation, is 
composed of felsic volcanic rocks, banded iron formation, mafic volcanic rocks and 
ultramafic extrusive rocks with a total thickness of between 600 to 1200 m. The 
Honman Formation is in turn conformably overlain by the Glasse Formation which 
consists of mafic intrusive and mafic and ultramafic extrusive rocks. It is at least 1500 
m thick. These rocks have undergone mainly low grade greenschist facies 
metamorphism with almandine-amphibolite facies metamorphism developed locally. 
They have been intruded by a variety of granitoids. 
The samples dated are from the Honman Formation and were collected at the Maggie 
Hays nickel prospect located at the northern end of the greenstone belt where the 
structure is complex. Here the stratigraphy consists of a basal, porphyritic intermediate 
volcanic sequence overlain successively by komatiites, aphyric felsic rocks and BIF 
(Fig 5.5). The stratigraphic successions are believed to be west-facing based on the 
bases of the following observations: (i) the facing direction derived from the pillow 
basalts to the east of the Maggie Hays nickel prospect (Gower and Bunting, 1976), and 
(ii) textural variation and fractionation trends, based on drill-hole logging, geochemical 
sampling and prospect-scale mapping (Perring, personal communication, 1995). 
Pegmatitic lenses are common within both the felsic volcanic unit and the porphyritic 
intermediate unit. Massive nickel sulfides occur at the sheared contact between the 
komatiite and the porphyritic intermediate volcanic rock and within the hangingwall 
felsic volcanic unit. The samples are from a diamond drill hole (91-1, AMG 
coordinates: 6430568mN, 264680mE). Their locations are shown in Figure 5.5. 
The Lake Johnston greens tone belt has had no previous geochronological study. 
SHRIMP U-Pb zircon geochronology were carried out on two volcanic units from the 
Maggie Hays nickel prospect. The ages obtained place tight constraints on both the age 
of the komatiites and the timing of primary nickel sulfide mineralisation. 
5.3.2 Analytical results 
Sample 92-246 is from the porphyritic intermediate volcanic unit that forms the footwall 
to the komatiite at the Maggie Hayes nickel prospect. It was collected from drill hole 
91-1 (Fig. 5.5) at a depth of 125.4 metres. The rock is porphyritic and recrystallised 
with K-feldspar, quartz and biotite as phenocrysts in a fine-grained (0.05-0.15 mm) 
quartz, K-feldspar, biotite and minor plagioclase groundmass. K-feldspar phenocrysts 
are weakly altered. The zircons from this sample are pink, subhedral, elongate prisms up 
to 400 µm long. Most grains show well-developed oscillatory zoning that can extend 
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Fig. 5.5 Cross section line 2000N of the Maggie Hays nickel prospect (after Robinson, 1992). The 
inset map shows the approximately locality of the Maggie Hays nickel prospect in the Yilgarn 
Craton. 
throughout the grain or is confined to a narrow rim around an unzoned core. A few 
transparent grains are characterised by a relative lack of mineral inclusions. Of twenty-
three individual areas analysed by ion probe, 3 were rejected (4.1, 8.1, 14.1) either 
because they were not concordant or because they fall more than 2cr from the weighted 
mean age (Table 5.2). The remaining 20 concordant analyses from 11 grains form a 
single population (Fig. 5.6a). Uranium ranges from 64-559 ppm, Th from 23-376 ppm, 
and 204pb from 0-9 ppb (Table 5.2). The mean age of 2921±4 Ma is interpreted as the 
age of extrusion of the porphyry. 
Sample 92-247 is from the hangingwall felsic volcanic unit, collected at a depth of 
159.6 m from the same hole as 92-246 (Fig. 5.5). The rock is schistose and consists of 
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Table 5.2 SHRIMP U-Pb zircon data of the Lake Johnston greenstone belt samples 
u Th Pb f206 207/206age Disc 
Site (ppm) (ppm) (ppb) ~%2t 208pb/206pb 206pbf238pb 207pbf235pb 207pbf206pb (Ma)±lo (%)+ 
(a) 92-246, footwall of the komatiites 
1.3 377 203 <1 0.001 0.1481±12 0.5534±126 16.28±0.38 0.2133±9 2931±7 -3 
2.1 143 54 3 0.076 0.1055±30 0.5087±122 14.81±0.39 0.2112±19 2915±15 -9 
3.1 348 111 6 0.059 0.0859±13 0.5515±126 16.12±0.38 0.2120±10 2921±8 -3 
3.2 337 160 <1 <0.001 0.1312±12 0.5620±128 16.46±0.39 0.2124±9 2924±7 -2 
3.3 367 215 <1 <0.001 0.1563±17 0.5477±125 16.00±0.38 0.2119±11 2920±8 -4 
4.1* 220 124 6 0.108 0.1325±30 0.4569±107 13.34±0.36 0.2117±20 2918±16 -17 
5.1 240 113 4 0.052 0.1258±16 0.5569±129 16.11±0.40 0.2098±12 2904±9 -2 
5.2 334 135 <1 <0.001 0.1110±12 0.5562±127 16.24±0.39 0.2118±10 2919±8 -2 
5.3 219 87 7 0.103 0.1052±20 0.5517±128 16.19±0.40 0.2129±14 2928±11 -3 
6.1 164 85 <1 <0.001 0.1486±20 0.5255±125 15.50±0.40 0.2139±15 2935±11 -7 
6.2 114 59 6 0.169 0.1403±38 0.5756±140 16.77±0.46 0.2112±22 2915±17 1 
7.1 293 112 9 0.097 0.1035±16 0.5485±126 16.02±0.39 0.2119±12 2920±9 -3 
8.1 * 170 76 6 0.134 0.1192±32 0.4728±113 13.73±0.38 0.2107±22 2911±17 -14 
9.1 194 68 <1 <0.001 0.0965±17 0.5667±132 16.75±0.42 0.2144±14 2939±11 -2 
9.3 157 53 3 0.068 0.0882±19 0.5475±129 15.94±0.41 0.2112±16 2915±12 -3 
10.1 344 181 3 0.028 0.1475±16 0.5036±115 14.73±0.35 0.2122±10 2922±8 -10 
11.1 240 131 5 0.065 0.1525±17 0.5409±124 15.76±0.38 0.2114±12 2916±9 -4 
11.2 323 120 4 0.045 0.1017±14 0.5361±122 15.67±0.38 0.2120±11 2921±8 -5 
11.3 599 376 <1 <0.001 0.1736±11 0.5607±126 16.41±0.38 0.2122±7 2923±6 -2 
11.4 261 135 7 0.094 0.1390±22 0.5191±120 15.03±0.37 0.2100±14 2905±11 -7 
12.1 64 23 <1 0.003 0.1061±24 0.5545±143 16.29±0.47 0.2130±22 2929±17 -3 
13.1 102 53 4 0.128 0.1400±52 0.5535±135 15.98±0.46 0.2093±27 2900±21 -2 
14.1 * 511 316 22 0.136 0.1680±16 0.5459±123 15.58±0.37 0.2070±10 2882±8 -3 
(b) 92-247, hangingwall of the komatiites 
Group A 
1.1 815 374 15 0.057 0.1263±8 0.5560±162 16.29±0.48 0.2125±6 2924±4 -3 
2.1 176 69 9 0.160 0.1096±16 0.5710±169 16.75±0.52 0.2127±11 2927±9 -1 
3.2 154 62 4 0.084 0.1051±26 0.5572±166 16.35±0.52 0.2128±16 2927±12 -2 
4.1 331 184 8 0.074 0.1530±13 0.5717±168 16.80±0.51 0.2132±8 2930±6 -1 
5.1 156 57 5 0.093 0.0977±18 0.5729±171 16.82±0.52 0.2130±12 2928±10 0 
7.1 897 559 4 0.014 0.1736±7 0.5989±174 17.57±0.52 0.2128±5 2927±4 3 
9.1 490 210 7 0.042 0.1211±8 0.5628±165 16.63±0.50 0.2143±6 2938±5 -2 
10.1 433 179 1 0.003 0.1131±8 0.5841±171 17.25±0.51 0.2142±7 2938±5 1 
10.2 365 222 2 0.016 0.1656±12 0.5689±167 16.70±0.50 0.2130±8 2928±6 -1 
12.l 162 65 2 0.043 0.1104±22 0.5788±171 17.07±0.53 0.2139±13 2936±10 0 
17.1 117 69 <1 0.008 0.1654±17 0.5714±170 16.76±0.52 0.2127±12 2926±9 0 
Group B 
3.1 117 63 6 0.159 0.1478±24 0.5595±168 16.04±0.51 0.2078±15 2889±12 -1 
6.1 94 38 2 0.052 0.1109±24 0.5578±169 16.04±0.52 0.2085±16 2894±13 -1 
8.1 247 91 4 0.052 0.1027±13 0.5686±168 16.50±0.50 0.2104±10 2909±7 0 
11.1 214 135 5 0.070 0.1727±16 0.5777±171 16.68±0.51 0.2095±10 2901±8 1 
13.1 140 53 15 0.314 0.1025±21 0.5825±172 16.85±0.52 0.2098±12 2904±10 2 
14.1 222 138 3 0.041 0.1716±13 0.5656±166 16.39±0.50 0.2101±9 2906±7 -1 
18.1 122 53 7 0.162 0.1155±19 0.5864±175 16.97±0.53 0.2099±13 2905±10 2 
Group C 
15.1 358 1881 17 0.025 1.4717±42 0.5428±159 15.16±0.45 0.2026±8 2847±6 -5 
16.1 362 1873 3 0.151 1.4363±43 0.5484±155 14.92±0.45 0.2048±7 2865±6 -2 
Notes: 1 - All ratios involving Pb refer to radiogenic Pb. Quoted uncertainties (la) are the standard error 
of the mean and refer to the last digits. 2 - Analyses with asterisks were regarded as outliers and rejected 
when calculating the weighted means of the samples. 3 - f2Q6 (%) denotes percent of common 206pb in 
the total measured 206Pb. 4 - Disc. (%)=(206pbf238u age I 207pbf235u age - 1)* 100%. 
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Fig. 5.6 Concordia plots of the studied samples from Lake Johnston greenstone belt. Individual 
analyses are shown with lcr error bars. 
mainly fine-grained (0.2-0.4 mm) equigranular quartz, K-feldspar, plagioclase and 
biotite. It shows little evidence of alteration. The zircons in this sample are pale pink 
and can be divided into three groups according to their physical characteristics (Table 
5.2). Group A zircons are elongate euhedral crystals with a well developed zoning 
structure and abundant mineral inclusions. Those in group B are also elongate and 
euhedral but show little internal structure and only rarely contain inclusions. The grains 
from group Care rounded, clear, and smaller than those from groups A and B, and show 
no sign of zoning or inclusions. Twenty areas were analysed from this sample: 11 from 
group A, 7 from group B, and 2 from group C (Table 5.2). Each group gives a distinct 
age with no overlap between different groups (Fig. 5.6b). Analysed areas from group A 
grains have relatively high U and Th contents (117-897 ppm U, 62-559 ppm Th) and 
yield a weighted mean age of 2930±3 Ma (Table 5.2 and Fig. 5.6b). Group B grains 
have generally lower U and Th contents (94-247 ppm U, 38-138 ppm Th) than those 
from group A and yield a weighted mean age of 2903±5 Ma (Table 5.2 and Fig. 5.6b). 
Two analyses on group C grains (15.1, 16.1) yield a mean age of 2856±18 Ma (Table 
5.2 and Fig. 5.6b). These two have Th/U ratios of approximately 5 (356, 362 ppm U and 
1873, 1881 ppm Th) compared with 0.5 for the group A and group B grains (Table 5.2). 
The Group A 2930±3 Ma zircons are interpreted to be inherited, and the Group B 
zircons to be igneous. They give an age of 2903±5 Ma which is interpreted to be the 
extrusion age of the hangingwall felsic volcanic rocks. The younger 2856± 18 Ma yield 
from the two Group C zircons may record the timing of a late metamorphic event or 
simply be due to lead loss of the Group B zircons. An alternative interpretation, that the 
age of Group A is the crystallisation age and that the ages for the Group B and C zircons 
are metamorphic ages. However this interpretation is inconsistent with the field 
relationships. 
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5.4 Discussion 
5.4.1 Geochronology of the Gum Creek greenstone belt 
5.4.1.1 Age of the Gum Creek greenstone belt and its stratigraphic position 
Previous geochronological studies of the Southern Cross Province are confined to its 
central and southern parts, where two greenstone sequences have been recognised 
(Griffin, 1990; Fig. 5.2a). In these areas the lower greenstone sequence, which 
dominates the southern part of the province, consists of a quartzite at the bottom, 
overlain by mafic and ultramafic rocks, with felsic volcano-sedimentary rocks at the 
top. Griffin (1990) referred to the quartzite as "basal quartzite", although no basement 
has been documented. Froude et al. (1983b) reported ca. 3.3 to ca. 3.7 Ga SHRIMP U-
Pb zircon ages for detrital zircons from this quartzite. Its deposition age is therefore 
younger than ca. 3.3 Ga. 
Nelson (1995, 1997b) and Savage et al. (1996) obtained SHRIMP U-Pb zircon ages of 
2958±4 Ma and ca. 2.99 Ga for supracrustal rocks from the Ravensthorpe and West 
River greenstone belt at the southern end of the province (Fig. 5.1). These data show 
that the age of the lower greenstone sequence is between ca. 2.9 and ca. 3.0 Ga. The 
upper greenstone sequence, which has been proposed to develop only in the centre of 
the province (Griffin, 1990), is a felsic volcano-sedimentary succession of calc-alkaline 
affinity (Hallberg et al., 1976b ). It unconformably overlies the lower sequence. The 
most reliable ages for the upper sequence in the Diemals-Marda area (Hallberg et al., 
1976b; Chapman et al., 1981) are the conventional U-Pb zircon ages of 2722±13 Ma by 
Pidgeon (1986) and 2735±2 and 2736±10 Ma by Pidgeon and Wilde (1990). 
There have been two previous attempts to correlate the Gum Creek greenstone belt with 
other greenstone belts in the Southern Cross Province. Myers ( 1990) suggested that it is 
ca. 2750 to ca. 2600 Ma old, and forms part of his Barlee Terrain. On the basis of 
stratigraphic correlations, Beeson et al. (1993) argued that the age of the greenstone 
successions is between ca. 2.9 and ca. 3.0 Ga, thus correlating them with the lower 
greenstone sequence of the Southern Cross Province, and with the Luke Creek Group in 
the adjacent Murchison Province (cf. Chapter 3). 
The ages obtained from this study are similar to the published ages for the upper 
greenstone sequence elsewhere in the Southern Cross Province and the ca. 2.7 Ga ages 
for the Mount Farmer Group in the Murchison Province (cf. Chapter 3), indicating a 
possible correlation between them. This study shows that at least the upper greenstone 
units (Unit III to V) in the Gum Creek greenstone belt are ca. 2.7 Ga old. These units 
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may unconformably overly Unit I and II. If so, it is possible that the lower mafic and 
BIF dominated sequences of Unit I and II represent a sequence similar in age to the ca. 
2.9 to ca. 3.0 Ga lower greenstone sequences underlying Diemals-Marda complex. Such 
an interpretation is consistent with the lithological character of Unit I and II (compare 
Fig. 5.2a and 5.2b), and would suggest that the geological setting of Gum Creek is 
similar to the Diemals area. Unfortunately, no material suitable for dating was collected 
from Unit I and II during this study and, as a consequence, no age has been obtained for 
these units. 
5.4.1.2 Implications from the xenocrystic and detrital zircon ages 
Xenocrystic zircons were found in a number of granitoid samples during routine 
analyses. The oldest age of 3671± 29 Ma (lcr) is far older than the ca. 3.0 Ga proposed 
age of the lower greenstone sequence in each of the three granite-greenstone provinces 
that make up the Yilgarn Craton. It could give evidence for the existance of old sialic 
basement beneath the Gum Creek greenstone belt. Detrital zircons up to 3242±33 Ma 
(lcr) were also found in a pyroclastic volcanic rock (93-998). Detrital zircons, older than 
ca. 3.0 Ga, have also been dated elsewhere within the Southern Cross Province. As 
previously mentioned, Froude et al. (1983a) found two dominant populations of detrital 
zircons, with ages between ca. 3.7 and ca. 3.6 Ga, and ca. 3.4 and ca. 3.3 Ga 
respectively, in a quartzite from the Maynard Hill greenstone belt, about 80 km 
southeast of Sandstone (Fig. 5.1). These observations indicate that sialic crust as old as 
ca. 3.7 Ga was previously exposed in, or at least, close to the central part of the 
Southern Cross Province. 
5.4.1.3 Timing of granitoids emplacement and their derivation 
The ages determined for the four granitoids in the Gum Creek greenstone belt range 
between 2638 to 2722 Ma. The 2722±7 Ma age obtained for an internal intrusion (93-
994) is, within analytical uncertainty, the same as the 2737±62 and 2700±100 Ma Pb-Pb 
whole rock isochron ages obtained for two syn-kinematic granitoids near Diemals 
(Bickle et al., 1983). The 2638 to 2699 Ma ages of the three external intrusions are 
typical of granitoid ages for the Yilgarn Craton and agree with the ca. 2.63 to 2.68 Ga 
ages dated for post-kinematic granitoids in the Ravensthorpe greenstone belt (Savage et 
al., 1996) and Diemals region (Bickle et al., 1983). 
Small- to medium-sized granitic plutons with ages between ca. 2.70 to ca. 2.76 Ga have 
been found in both the Southern Cross and the Murchison Provinces (cf. Chapter 4). 
This provides a significant difference between these two provinces and the Eastern 
Goldfields where granitoids emplacement occurred predominantly between ca. 2.70 and 
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ca. 2.66 Ga (e.g. Hill et al., 1989, 1992c; Hill and Campbell, 1993; Nelson, 1997b). A 
more detailed comparison is given in Chapter 7. 
The granitoids in the Gum Creek greenstone belt and elsewhere in the Southern Cross 
Province, like most granitoids from the Yilgarn Craton, were derived from partial 
melting of an older sialic basement that underlay the greenstones (e.g. Oversby, 1975, 
1978; Campbell and Hill, 1988; Nutman et al. 1993), at ca. 2.7 Ga. The Sm-Nd isotopic 
evidence, which supports this interpretation, is presented in Chapter 6. 
5.4.2 Constraints on the timing of the komatiites and Ni mineralisation formation 
in the Lake Johnston greenstone belt 
Komatiites and associated nickel sulfide deposits in the Yilgarn Craton occur in Eastern 
Goldfields and Southern Cross Provinces, particularly in the southern part of the 
provinces. The age of the komatiites, and the associated Ni sulfide mineralisation in 
Eastern Goldfields Province, is well constrained to be ca. 2.7 Ga old (e.g. Nelson, 
1997b). However, in the southern end of Southern Cross Province, no geochronology 
data have been published, and thus the timing of the komatiites formation and Ni 
mineralisation is unclear. Solomon et al. ( 1994) suggested the komatiites in the 
Southern Cross Province to be either ca. 2.95 or ca. 2.7 Ga old. 
The ages obtained in this study for the hangingwall and footwall felsic to intermediate 
volcanic rocks constrain the age of komatiites at the Lake Johnston greenstone belt to lie 
between 2921±4 and 2903±5 Ma. This must also be the primary age of the associated 
nickel sulfide mineralisation, if it is assumed that the deposit is magmatic in origin. The 
nickel sulfides occur at the base of the supracrustal succession and are tectonically 
remobilised into the hangingwall felsic unit. The age of the nickel mineralisation at 
Maggie Hays, and probably also at Forrestania, is therefore - 200 million years older 
than the mineralisation at Kambalda. 
Gower and Bunting (1976) proposed that the Lake Johnston greenstones can be 
correlated with the ca. 2700 Ma greenstones of the Kalgoorlie-Norseman area to the east 
(Claoue-Long et al., 1988; Campbell and Hill, 1988). However the ages of ca. 2905-
2920 Ma obtained in this study shows that this suggestion is incorrect. It is more likely 
that Lake Johnston greenstones correlate with the closer greenstones at the Forrestania 
and Ravensthorpe to the west, which have an age of ca. 3.0 Ga (Nelson, 1995, 1997b; 
Savage et al., 1996; Schi¢tte and Campbell, unpublished data), and with the ca. 2.9 Ga 
Penneshaw Formation that underlies the ca. 2.7 Ga greenstones at Norseman (Campbell 
and Hill, 1988). 
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5.5 Conclusion 
The felsic upper greenstone sequence (Unit III to V) of the Gum Creek greenstone belt 
has an age of ca. 2.7 Ga, not ca. 2.9 to ca. 3.0 Ga as previously thought. However, the 
lithological similarity between the mafic and BIF dominated Unit I and II of the lower 
Gum Creek greenstone sequence and the lower greenstone sequence observed elsewhere 
in the Southern Cross Province, implies that they might have similar ages of ca. 2.9 to 
ca. 3.0 Ga. If this is the case, an unconformity or tectonic break must exist between the 
Unit II and Unit III at Gum Creek. 
The external granitoids that enclose the greenstone belts within the Southern Cross 
Province are younger than ca. 2.7 Ga, but some smaller, syn-kinematic discrete internal 
granitoids were emplaced prior to ca. 2.7 Ga. This is consistent with the observation in 
the Murchison Province, but contrasts with the situation for the Eastern Goldfields 
Province. 
Xenocrystic zircon ages indicate the existence of old sialic basement beneath the Gum 
Creek greenstone belt, and partial melting from this pre-existing continental crust is 
inferred to be the source of the granitoid intrusions. 
The Lake Johnston greenstone belt has an age of ca. 2.90 to 2.93 Ga, similar to the 
Ravensthorpe and Forrestania greenstone belts. The formation of komatiites and 
associated Ni mineralisation do not correlate with those in the Eastern Goldfields 
Province. 
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6. SM-ND ISOTOPE GEOCHEMISTRY OF GRANITOIDS 
6.1 Introduction 
Samarium-neodymium (Sm-Nd) isotopic studies have been widely used to trace the 
history of continental crustal development, including determining the source of igneous 
rocks, and the timing of their separation from mantle through the model ages (e.g. 
Nelson and DePaolo, 1985). The Nd model age (TDM) of a sample is calculated using 
the measured 143Nd/144Nd and 147sm;144Nd ratios, and calculating the time of 
intersection with a model Nd mantle evolution curve. Model age calculations generally 
assume that Sm/Nd fractionation was a single-stage process from a depleted mantle. 
The Nd model age of a granitoid is an estimate of the average age of separation of its 
parental materials from a depleted mantle source. In most cases the TDM will be older 
than the crystallisation age of granite, reflecting at least partial derivation from older 
crustal sources. It is only in the case of juvenile crustal additions that TDM equals to the 
crystallisation age as determined, for example, by U-Pb zircon dating. 
The Sm-Nd isotopic system has been used extensively for studying Archaean tectonic 
and crustal growth processes (e.g., Nutman and Collerson, 1991; Maruyama et al., 1992; 
McCulloch and Bennett, 1993, 1994; Bowring and Housh, 1995; Moorbath et al., 1997). 
The initial Nd isotopic signatures of Archaean rocks provide constraints on crustal-
mantle geochemical evolution. However, as commented by Bennett and Nutman ( 1998) 
and other workers, the disadvantages of this method lie in the possibility of the system 
being disturbed by late events (e.g. metamorphism) resulting in fractionation of Nd from 
Sm (e.g. Nutman et al., 1997), and the heavy reliance on the proposed mantle depletion 
models (e.g. DePaolo, 1981; Goldstein et al., 1984; McCulloch, 1987; DePaolo, 1991; 
Bennett et al., 1993), with the models being working assumptions that need to be 
constantly tested and revised. Therefore, the TDM of Archaean rocks should never be 
considered as a real lithological age (Arndt and Goldstein, 1987). Caution must be used 
in relating model ages to a real event unless strongly supported by other geologic and 
geochronological evidence. False conclusions about the history of crustal development 
can be made by misinterpretation of Nd isotopic data (cf. Arndt and Goldstein, 1987). 
In this study, ten samples of granitoid for which SHRIMP U-Pb zircon emplacement 
ages have been determined, were analysed to determine their Sm-Nd isotopic 
characteristics. The samples include three external recrystallised monzogranites and five 
internal suite I intrusions from Murchison Province, and two granitoids from the Gum 
Creek greenstone belt of the Southern Cross Province. Samples which have xenocrystic 
zircon were deliberately chosen so that calculated model ages could be compared with 
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the SHRIMP U-Pb xenocrystic zircon ages. This provides a test of whether the Nd 
model ages represent the average age of several components or wether they can be 
related to specific crustal events. The results are also compared with published Nd 
model ages for granitoids from the Yilgarn Craton. 
6.2 Analytical method 
Sm-Nd isotope measurements were determined by isotope dilution at the RSES, ANU. 
Analytical details are as described by Maas and McCulloch (1991). A mixed 147sm-
150Nd spike was added to 78 to 145 mg of whole rock powder. To ensure complete 
digestion of accessory phases, bomb dissolution methods were employed. HF-HCl 
dissolution was made in steel-jacketed teflon bomb in a 200°C oven for 24 hours. After 
transferring samples out of bombs, HCl04 was added, and the samples were then 
refluxed on a hotplate for 24 hours. Cation and hydrogen di-ethylhexyl phosphate 
(HDEHP) - coated teflon powder exchange columns were used to isolate Nd and Sm. 
Prior to the analysis by thermal ionisation using a Finnigan MAT 261 solid-source 
multi-collector mass spectrometer, about 200 ng of samples were loaded in H3P04 -
doped HN03 onto the Ta side of a Ta-Re double filament assembly. Sm was analysed 
similarly. The total procedural blanks for Nd during this study averaged 100-150 pg. 
6.3 Analytical results 
Measured 143Nd/144Nd isotope ratios were normalised to 146Ndfl44Nd=0.7219. 
Average measured 143Nd/144Nd values of the La Jolla and an in-house Nd standard 
(nNd-1) during the course of this study are 0.511898±12 (2cr, n=6) and 0.512191±19 
(2cr, n=162) respectively. In order to facilitate comparison with published data, 
measured 143Ndfl 44Nd ratios have been corrected by 0.000042 based on 
measurements of the standards. With this correction, the appropriate value for the 
chondritic uniform reservoir (CHUR) for calculation of eNd(t) is 0.512638. The 
present-day 147sm/144Nd ratio of CHUR used is 0.1967. The decay constant for 
147sm used is 6.54x10 -12 yr-1. The emplacement and xenocrystic zircon ages of the 
analysed samples are from Schi¢tte and Campbell (unpublished data), Schi¢tte and 
Campbell (1996) and this study. Of note is sample 92-263, a diorite dyke that cuts an 
external monzogranite (91-188) with an age of 2680±5 Ma. This sample contains 
xenocrysts but no igneous zircons (Schi¢tte and Campbell, 1996). Because it has no 
chilled margins it is assumed to have the same age as the enclosing granitoids, that is 
ca. 2675 Ma. Nd model ages were calculated using a linear mantle depletion model with 
eNd4.5=0 and eN dtoday=+lO (Goldstein et al., 1984). The analytical results are 
summarised in Table 6.1 and Figure 6.1 which is a Nd evolution diagram. The initial 
eNd values determined for the four internal suite I and one porphyry intrusions (92-
Table 6.1 Sm-Nd data for granitoids from the Murchison Province and the Gum Creek Greenstone Belt in the Southern Cross Province IB 
ANU Classification Sample Emplacement Xenocryst Sm Nd (ppm) (143Nd/ ±20" 147sm1 fsmJNd cNd Model 
No. location Age (Ma, ±2cr) Age (Ma, ±2cr) (ppm) 144Nd)m 144Nd (Tzircon) Age (Ga) 
91-184 regional Between Cue & 2719±16 2922±22 2.028 11.499 0.511041 9 0.1066 -0.4582 0.4 2.98 
Mt. Magnet 
91-188 regional NE of Mt Magnet 2680±5 2792±24 4.858 30.358 0.510788 9 0.0967 -0.5083 -1.6 3.05 
2913±16 
92-263 regional dyke NE of Mt Magnet 2675 2738±10 to 3.575 20.269 0.510766 13 0.1066 -0.4580 -5.5 3.37 
2942±10 
92-265 suite I N of Mt. Magnet 2702±6 2719±8 to 2.942 20.176 0.510714 11 0.0881 -0.5519 0.2 2.93 
2821±26, 
2943±25 
93-967 suite I SE of Cue 2686±4 no 3.015 15.993 0.511181 12 0.1139 -0.4208 0.2 2.98 
xenocrysts 
93-984 suite I NW of Reedy 2643±18 no 1.879 11.684 0.510877 10 0.0972 -0.5058 -0.5 2.95 
xenocrysts 
93-991 suite I Eelya Pluton , 2747±6 no 5.387 21.297 0.511892 7 0.1529 -0.2225 0.9 3.12 
E of Cue xenocrysts 
~ 
92-278 porphyry Milky way Prospect, 2715±7 2932±21 1.452 7.622 0.511167 11 0.1151 -0.4147 -0.2 3.04 ' 
intrusion Mt. Magnet @ 
~ 
93-993 regional Eastern part of 2638±10 ca. 2907 - 3671 5.455 39.232 0.510486 10 0.0840 -0.5728 -3.7 3.11 
Gum Creek 
93-994 internal Eastern part of 2722±7 no 6.099 40.958 0.510631 9 0.0900 -0.5424 -1.8 3.08 
Gum Creek xenocrysts 
Notes: Measured data were normalised to 146Nd/144Nd = 0.7219. Following repeat measurements of the La Jolla and in-house nNd standards, the measured 
143Nd/144Nd ratios have been corrected by 0.000042. Present day CHUR 143Nd/144Nd = 0.512638, 147sm1144Nd = 0.1967. a decay constant for 147sm is 6.54x10 
-l2 yr-1. The model ages were calculated using a linear mantle depletion model (Goldstein et al., 1984). SHRIMP data from: Schi!l)tte and Campbell, unpublished data 
(91-184); Schi!l)tte and Campbell (1996, 91-188, 92-263, 92-265, 92-276) and this study. 
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278), the two regional recrystallised monzogranites and the diorite dyke are between 
-0.5 and 0.9, -1.6 and 0.4, and -5.5 respectively (Table 6.1, Fig. 6.1). The two samples 
from the Southern Cross Province have e,Nd(t) of -3.7 and-1.8 (Table 6.1, Fig. 6.1). The 
calculated model ages for all samples lie within a narrow age range of 2.93 to 3.12 Ga 
(Table 6.1). A notable exception is the ca. 2675 Ma diorite dyke which gave an older 
model age of 3.37 Ga. 
The Sm-Nd isotopic data for the Murchison granitoids, combined with those reported 
by Watkins et al. (1991) and Nutman et al. (1993) are shown in Figure 6.2. Figure 6.3 
summarises all of the available Nd isotope data for the granite-greenstone provinces of 
the Yilgarn Craton. Emplacement ages have been taken from the literature (see captions 
of Fig. 6.2 and 6.3 for data sources) where available. Where published emplacement 
ages are not available, ages of ca. 2.63-2.92, 2.66-2.68 and 2.60-2.69 Ga have been 
assumed for the Murchison, Southern Cross and Eastern Goldfields Provinces 
respectively. All model ages were recalculated using the above mentioned parameters 
and linear mantle depletion model . 
6.4 Discussion 
The available Sm-Nd data (Watkins et al., 1991; this study) show the initial £Nd values 
of suite I internal intrusions (-0.9 - +0.9) and external recrystallised monzogranites (-1.6 
- +0.4) in Murchison are very similar (Fig. 6.2Aa, b). Their model ages also overlap 
(2.94-3.12 and 2.89-3.05 Ga respectively), with a pronounced peak at ca. 2.95 Ga (Fig. 
6.2Ba, b). These data indicate that the two suites formed from the same or isotopically 
similar source region. The e,Nd value for the pegmatite-banded gneisses varies between 
-2.1 and +1.7, with DM model ages of 3.03 to 3.27 Ga. The DM model ages overlap or 
are slightly older than suite I and external granitoids (Fig. 6.2Ac, Be). The Sm-Nd 
isotropic systematics of suite II internal granitoids (e,Nd=-4.5 - -4.3; TDM=3.28-3.40; 
Fig. 6.2Ad, Bd) are different from the other suites, probably implying that they 
originated from an older and isotopically distinct source. In all cases, the Nd model ages 
are typically a few hundreds million years older than the emplacement ages of the 
granitoids, reflecting the involvement of older crustal material in their sources. In most 
cases, the DM model ages of this older crust lie between of ca. 2.93 and 3.10 Ga (Table 
6.1 and Fig. 6.3Ba), which are similar to or only slightly older than the oldest 
xenocrysts (ca. 2.91-2.94 Ga) (Table 6.1, Fig. 6.4) and the oldest greenstone sequence 
(ca. 2.93-2.98 Ga) in the Murchison Province (Fig. 3.17a). This implies that the crustal 
rocks of these ages are the main sources of the granitoids although some older material 
may also have been present (e.g. the source region for the ca. 2680 Ma diorite dyke). 
The time interval between ca. 2.90 and 3.0 Ga appears to be a major period of crustal 
formation in the Murchison Province. 
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Compared with the Murchison Province (Fig. 6.3Aa, Ba), granitoids in the Southern 
Cross Province have lower initial ENd (tzircon) values (-1.8 - -4.8) and a similar, but 
slightly older and more restricted range of model ages (ca. 2.96-3.25 Ga, Fig. 6.3Ab, 
Bb). Although initial ENd (tzircon) values of the granitoids in the Eastern Goldfields 
Province have a similar range (-4.5 - +3.6) to those in the Murchison Province (-5.5 -
+1.7), they tend to be more positive with a maximum at around +1 (Fig. 6.3Ac). As a 
consequence, their Nd model ages are younger than those calculated for the granitoids 
from the Murchison and Southern Cross Provinces (Fig. 6.3Bc). Fletcher et al. (1994) 
observed the general west-to-east decrease in Nd model ages calculated for granitoids 
from Southern Cross to the Eastern Goldfields Provinces. This has been interpreted by 
Champion and Sheraton (1997) to reflect an apparent progressive younging of source 
rocks from west to east, which results from either progressive decrease in age of the 
crust as a whole or by the involvement of significantly older components in the 
granitoids in the west. 
Detrital zircons from a quartzite unit in the Maynard Hills greenstone belt, from the 
northern-central part of the Southern Cross Province (Fig. 5.1), give early and mid-
Archaean ages (3.7 to 3.6 Ga, and 3.4 to 3.3 Ga) (Froude et al., 1983a). This quartzite 
unit is believed to be the basal unit that underlies the mafic and ultramafic volcanic 
rocks in the central part of the Southern Cross Province (Griffin, 1990). If these very 
old zircons come from a close source, they would provide further evidence for the 
existence of continental crust older than 3.3 Ga in the Yilgarn Craton, which is also 
seen as a minor component in the xenocryst ages (Fig. 7 .1) and in the model ages (Fig. 
6.3). 
The observation of the similarity between the Sm-Nd isotope systematics of the 
granitoids in the Murchison and the Southern Cross Provinces, and the differences 
between them and the granitoids in the Eastern Goldfields Province, is consistent with 
the results of geochronology studies, which will be discussed in the following chapter. 
137 GENERAL DISCUSSION 
7. GENERAL DISCUSSION 
7.1 Tectonic setting of the Yilgarn Craton 
7.1.1 Nature and distribution of basement in the Yilgarn Craton 
Although no pre-greenstone age continental basement has been found in the Yilgarn 
Block, the existence of the crustal basement and its nature has been inferred from 
indirect evidence, which include geophysical information about crustal structure, Pb-Pb 
and Sm-Nd isotopic systematics of granitoids and their zircon inheritance. 
A three-layer crustal structure was proposed for the Yilgarn Craton by Archibald et al. 
(1981) based on geophysical (Fraser, 1974; Mathur, 1974; Mathur et al., 1977; Sass et 
al., 1976) and geochemical data (Lambert, 1971). This stratification was interpreted to 
encompass both the high-grade gneiss terrain (i.e. Western Gneiss Terrain) and the three 
low-grade granite-greenstone terrains, with a granitoid-dominant upper layer and a 
granulite-dominant lower layer (Archibald et al. 1981 ). The older gneiss in the Western 
Gneiss Terrain was therefore considered to extend as a layer underneath the greenstone 
terrains. If the Western Gneiss Terrain represents exposed deeper crust, this suggests 
that eastward crustal tilting has occurred (Glikson and Lambert, 1976). The average 
composition of the crust underneath granite-greenstone was estimated to be acid to 
intermediate (Drummond, 1979; Archibald et al. 1981 ). The composition of the 
primitive crust in the Norseman-Kalgoorlie region was proposed to be broadly andesitic 
(Campbell and Hill, 1988; Hill et al., 1989). Myers (1997) recently postulated a three-
layer crustal structure for the eastern goldfields province on the basis of interpretations 
of seismic reflection profiling given by Swager (1997) and Swager et al. (1997). The 
upper layer is interpreted as a 4-7 km greens tone sequence, and the lower two are 
dominated by quartzo-feldsparthic gneiss in contact with each other at a depth of 28 km. 
These layers were suggested to represent three sialic slabs stacked over each other 
between ca. 2685 and 2660 Ma, and the boundaries between them are interpreted to be 
major sub-horizontal detachments along which substantial tectonic movement has 
occurred. 
Lead isotopic studies of granitoids (e.g. Oversby, 1975, 1978) indicate that continental-
type rocks were present in the Norseman area as early as 3300 Ma. Sm-Nd isotopic 
evidence (e.g. Champion and Sheraton,, 1997; this study) show that the granitoids in the 
Yilgarn Craton have components of older continental crust in their source. 
The observation of some detrital zircons up to ca. 4.2 Ga in the Western Gneiss Terrain 
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indicates that very old sialic crust may exist in the Yilgarn Craton (Froude et al., 1983b, 
Compston et al., 1985; Compston and Pidgeon, 1986; Kober et al., 1989). Across the 
granite-greenstone terrains, early to mid-Archaean xenocrystic zircons, which are ca. 
100 to 1000 Ma older than the oldest greenstones (ca. 3.0 Ga), have been dated from 
different localities (Fig. 7.1). 
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Fig. 7.1 Combined histograms and cumulative probability plots showing the distribution of 
207Pbt206pb ages dated for xenocrysts from the granite-greenstone provinces in the Yilgarn 
Craton. Data from: Murchison Province - Nutman et al. (1993), Wiedenbeck and Watkins (1993), 
Schi0tte and Campbell (1996), Mueller et al. (1996), Pidgeon and Hallberg (in press) and this 
study; Southern Cross Province - Nelson (1997a) and this study; Eastern Goldfields Province -
Compston et al. (1986), Campbell and Hill (1988), Hill et al. (1989), Hill and Campbell (1993), 
Nelson (1997a, b), Claoue-Long et al. (1988). 
In the Murchison Province, the oldest observed xenocrystic zircon has an age of ca. 
3940 Ma (Pidgeon and Hallberg, in press; Fig. 7.la). Some old ages, up to ca. 3670 Ma 
have been obtained for xenocrystic zircons from the Southern Cross Province (this 
study). In the Norseman-Kambalda area of the Eastern Goldfields Province, some 3100-
3400 Ma old xenocrystic zircon ages have also been reported (Hill and Compston, 
1986; Compston et al., 1986; Claoue-Long et al., 1988; Campbell and Hill, 1988; Hill et 
al., 1989, 1992a) (Fig. 7. lc). In addition, ca. 3300-3700 Ma old detrital zircons have 
been dated from meta-quartzites in the Maynard Hill greenstone belt in this province 
(Froude et al. 1983a). It is therefore appears likely that at least part of the late Archaean 
granite-greenstone belts in the Yilgarn Craton were formed on, or close to, old sialic 
continental crust but not in an oceanic crust setting, remote from continental crust. The 
proximity of pre-existing continental crust is a common feature of all three granite-
greenstone terrains. 
Banded gneisses, which generally occur in granitoid complexes and as enclaves in or 
marginal to granitic plutons, have also been found in all granite-greenstone terrains. 
These gneisses have been interpreted as modified sialic crust from the basement to the 
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greenstone sequences (Gee, 1979; Archibald and Bettenay, 1977; Archibald et al., 1978; 
Gee et al., 1981). However, banded gneisses (ca. 2.92 Ga) in the Murchison Province 
are younger than the oldest greenstones (ca. 3.0 - 2.95 Ga) dated in this province. 
Similarly, the protolith of gneisses (ca. 2675 Ma) in a high-grade granitic gneiss 
complex in the Eastern Goldfields Province is younger than the adjacent greenstones 
(ca. 2720-2675 Ma), indicating their emplacement postdated the deposition of the low-
grade greenstone sequence (Swager and Nelson., 1997). Although the ca. 2.92 Ga 
gneisses in the Murchison Province may form part of the basement to the younger 
greenstones (ca. 2.8 and 2.7 Ga), they cannot be the basement for the oldest 
greenstones. Although it cannot be ruled out that older gneisses with basement age (> 
3.0 Ga) may be found in future work, the available geochronology suggests that the 
gneisses in the greenstones terrains are late Archaean, thus dos not support the above 
interpretation. As discussed in Chapter 4, the heterogeneous distribution of strain makes 
correlation of gneisses and granitoids difficult in the Yilgarn Craton. 
7 .1.2 Tectonic setting of the Yilgarn Craton 
The tectonic setting of the granite-greenstone terrains in the Yilgarn Craton remains 
controversial. Several different models have been suggested, with most of them being 
based on the ca. 2.7 Ga granite-greenstone terrains in the Eastern Goldfields Province. 
One model favours an intracratonic basin/rifting origin upon a pre-existing ensialic 
basement (e.g. Groves et al., 1978; Gee, 1979; Gee et al. 1981, Groves and Batt, 1984; 
Hallberg, 1986; Black and Groves, 1987). Groves and Batt (1984) classified the 
greenstones belts as the "rift-phase" and the "platform-phase". Similar models have 
been later invoked by Hammond and Nisbet (1992, 1993), Williams (1993), Williams 
and Currie (1993) and Williams and Whitaker (1993). 
Another popular model interprets the greenstones in the Norseman-Wiluna Belt to have 
formed near convergent margins in an ensialic volcanic arc or back-arc basin complex 
as a result of a westward-dipping subduction (White et al., 1971; Barley and 
McNaughton, 1988; Barley et al, 1989; Barley and Groves, 1990; Cassidy et al., 1991; 
Witt, 1995; Morris and Witt, 1997). 
Some workers proposed an intraplate setting on pre-existing ensialic crust above an 
upwelling mantle thermal anomaly (hot spot) or mantle plume. A mantle plume-like 
hot-spot model was constituted for the origin and evolution of the greenstone terrains in 
the Eastern Goldfields Province by Archibald et al. (1978). Similar models have also 
been suggested by Nesbitt and Sun (1976) and Hallberg et al. (1976b). Campbell and 
Hill (1988) and Hill et al. (1992a, c) presented the mantle plume model for the 
formation of the granite-greenstone belts in the Kalgoorlie-Norseman area. In this 
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model, the formation of the magmatic sequence in the Eastern Goldfields Province was 
suggested to be related to the ascent of a new mantle plume or starting plume. The 
general characteristics of this model are based on laboratory experiments (Campbell and 
Jarvis, 1984; Campbell et al., 1989; Campbell and Griffiths, 1990; Griffiths and 
Campbell, 1990; Hill et al., 1992b; Campbell and Griffiths, 1993). It is believed that 
starting plumes initiate from a hot thermal boundary layer at the base of the mantle. The 
melting in the high-temperature plume tail produces komatiites and the large cooler 
plume head produces the associated basalts. The long-lived (- 100 Ma) thermal 
anomaly as the result of mantle plume activity not only produces greenstones but also 
causes regional metamorphism and subsequent deformation as well as leading to the 
production of granitoids through widespread crustal melting. 
Although all of these models have supporting geological evidence, they all face 
problems (cf. Hill et al., 1992c; Nelson, 1997b; Swager, 1997). Most recent 
interpretations about the tectonic settings of the granite-greenstone terrains in the 
Eastern Goldfields Province tend to be the mixtures of the above mentioned models. 
Nelson (1997b) presented a model that the greenstone terrains developed in a back-arc 
rift basin along a continental margin and above an active, west-dipping subduction 
zone. Although a mantle plume model was not favoured by Swager (1997), the author 
postulated that mantle upwelling played an important role in forming the active rifting. 
Morris and Witt (1997) proposed that the ca. 2.7-2.69 Ga greenstones formed in an 
extensional regime at volcanic arc, accompanied by a steep west-dipping subduction. 
The heating and extension of the crust resulted from mantle upwelling. The younger 
greenstones of ca. 2.69-2.67 Ga subsequently developed in a compression regime as a 
result of flattered subduction. The andesitic and dacitic magmas derived from the partial 
melting of the subducted oceanic crust. 
The tectonic setting of the formation of the older (ca. 2.9-3.0 Ga) greenstone sequences 
has not been widely discussed as the younger greenstones (ca. 2.7 Ga). However, most 
people believe they are subduction-related (e.g. Campbell and Hill, 1988; Watkins and 
Hickman, 1990b). 
All of the major categories of the tectonic models have been proposed for the 
Murchison Province. On the basis of petrologic and geochemical study, Hallberg et al. 
(1976a) suggested that the greenstones in the Meekatharra area (i.e. in the Polelle 
Syncline) developed in a tectonic regime similar to a modern arc/trench system. Groves 
and Batt (1984) interpreted the greenstone sequences in Murchison and Southern Cross 
Provinces to be their platform-phase greenstone, which formed in a basin or intra-
oceanic platform setting. Compared with those in the Norseman-Wiluna greenstone belt 
(rift-phase greenstone), greenstone sequences in these provinces contain abundant BIF, 
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pillowed basalts and bimodal, calc-alkaline, intermediate to felsic volcanic rocks with 
poorly developed komatiite sequences. An extensional ensialic basin setting is favoured 
by Watkins and Hickman (1990b) on the evidence of non-linear distribution of the 
lithostratigraphy, and of lacking of evident temporal and chemical asymmetry of the 
rocks. A convergent margin setting is preferred by LG. Wang et al. (1993). Recently, a 
mantle plume model was proposed for the development of the younger (ca. 2.7 Ga) 
greenstone sequences in the Murchison Province (Schi0tte and Campbell, 1996). 
Although the tectonic regime for the Murchison Province continues to be debated, the 
available evidence implies that a ensialic basin/rift setting is more likely. The important 
facts are: 
1. Existence of sialic basement as indicated by > 3.0 Ga Nd model ages of 
granitoids and xenocrystic zircons in supracrustal rocks. 
2. The occurrence of laterally extensive province-wide BIF formation, which 
developed in deep water environment, which requires a stable platform to have 
developed by this time for the rocks to be deposited on. 
3. Abundance of bimodal volcanism (cf. Watkins and Hickman, 1990b), 
particularly in the ca. 2.7 Ga greenstone sequence, which occurred in large areas 
in the major greenstone belts. 
4. Dominance of subaqueous basaltic volcanism over komatiitic volcanism. 
5. Lack of regional-scale lateral or vertical systematic variation of felsic volcanic 
geochemistry (Watkins and Hickman, 1990b ). 
6. Two major periods of synvolcanic plutonism at ca. 2.92 and ca. 2.7 Ga (ca. 
2.76-2.70 Ga). Overlapping of the emplacement ages of the regional and suite I 
internal plutons and lacking of lateral systematic geochemical and 
geochronological variation of the ca. 2.7 Ga intrusions. 
7.2 Temporal and spatial distribution of volcanism and plutonism in the Yilgarn 
Craton 
The Western Gneiss Terrain is the oldest part of the Yilgarn Craton. Detrital zircons 
greater than 4.0 Ga old were dated from metasediments from the Mount Narryer and 
Jack Hills in the Narryer Gneiss Complex (Froude et al., 1983b; Compston et al., 1985; 
Kinny et al., 1990; Compston and Pidgeon, 1986; Kober et al., 1989). Granitoids and 
greenstones with early to middle Archaean ages (ca. 3.7-3.0 Ga) have been widely 
observed in the Narryer Gneiss Complex in the north Western Gneiss Terrain 
(Nieuwland and Compston, 1981; Froude et al., 1983b; Kinny 1987; Fletcher et al., 
1988; Kinny et al., 1988, 1990; Pidgeon et al., 1990; Nutman et al., 1991, 1993). This 
clearly demonstrates that very old crust is present in the west and north of the craton. 
Late Archaean volcanism and plutonism (ca. 3.0-2.65 Ga, predominantly ca. 2.7-2.65 
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Ga) subsequently developed within the Western Gneiss Terrain (Wilde and Pidgeon, 
1986, 1998; Kinny et al., 1988, 1990; Pidgeon et al., 1990; Nutman et al., 1991, 1993; 
Pidgeon, 1992; Allibone et al., 1998). All of the three granite-greenstone terrains in the 
Yilgarn Craton are late Archaean (ca. 3.0-2.6), although older xenocrystic and detrital 
zircon ages have been reported from various localities. Three distinct episodes of 
volcanism and plutonism (ca. 2.92-3.0, ca. 2.8 and ca. 2.7 Ga, Table 7.1) in the granite-
greenstone provinces have been identified in this study. The temporal and spatial 
distribution of these events are summarised and discussed below. 
Table 7 .1 Summary of the geochronology of volcanism and plutonism in the granite-greens tone terrains 
of the Yilgarn Craton. Data form the literature referred in the text 
Province Volcanism (Ga) 
Murchison 3.0 - 2.93 2.8 
Southern Cross 3.0 - 2.92 
Eastern 2.94 
Goldfields 
7.2.1 Ca. 2.9-3.0 Ga episode 
2.76 - 2.70 
2.74 -2.64 
2.75 (Wiluna) 
2.7 
2.92-2.93 
2.97 
Plutonism (Ga) 
2.76 - 2.60 
2.8 2.74 - 2.63 
2.70 - 2.66 
The earliest volcanism and plutonism observed in all three of the granite-greenstone 
terrains took place between ca. 2.90 and 3.0 Ga (Table 7.1, Fig. 7.2, 7.3, 7.4). In the 
Western Gneiss Terrain, volcanism of this episode has only been observed in the 
Wongan Hill greenstone belt (Fig. 7.4). A SHRIMP age of 3010±7 Ma was reported by 
Pidgeon et al. (1990) for a felsic porphyry that cuts the greenstones making this the 
minimum age for the greenstone belt. An age estimate of the same sample based on 
four conventional (IDTIMS) analyses are indistinguishable from the SHRIMP result. 
Wongan Hill greenstone belt is proposed by Pidgeon et al. (1990) to be the southern 
limit of the ca. 3.0 Ga greenstone belts in the Murchison Province and the Western 
Gneiss Terrain. 
Within the Murchison Province, supracrustal rocks of ca. 2.93-3.0 Ga were recognised 
from a few localities (Fig. 7.4). In this study, an age of 2976±4 Ma was obtained for a 
felsic porphyry from the Weld Range greenstone belt, and the ages of 2945±4 to 
2960±6 Ma were obtained for felsic volcanic and volcanogenic rocks in Golden Grove 
area. Similar IDTIMS zircon data ranging from 2951 to 2957 Ma have been reported by 
Pidgeon ( 1986) and Pidgeon et al. ( 1994) for the same suite of rocks. Yeast et al. ( 1996) 
published SHRIMP ages of 2929±3 and 2934±6 Ma for felsic subvolcanic rocks from 
Mount Gibson located at the southern end of the Y algoo-Singleton greens tone belt. 
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Fig. 7 .2 Combined histograms and cumulative probability plots showing the distribution of 
207Pb/206Pb ages dated for supracrustal rocks from the granite-greenstone terrains in the Yilgarn 
Craton. Data from: Murchison Province - Pidgeon (1986), Pidgeon and Wilde (1990), Pidgeon et 
al. (1994), Yeast et al. (1996), Schi¢tte and Campbell (1996), Pidgeon and Hallberg (in press) and 
this study; Southern Cross Province - Pidgeon (1986), Pidgeon and Wilde ( 1990), Savege et al. 
(1996), Nelson (l 997b ), Hill, Schi¢tte and Campbell, unpublished data; and this study; Eastern 
Goldfields Province - Claoue-Long et al. (1988), Campbell and Hill (1988), Pidgeon and Wilde 
(1990), Hill et al. (l 992c ), Kent and Hagemann (1996), Nelson (l 997b) and this study. 
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Fig. 7.3 Combined histograms and cumulative probability plots showing the distribution of 
207Pb/206Pb ages dated for granitoids from the granite-greenstone terrains in the Yilgarn Craton. 
Data from: Murchison Province - Nutman et al. (1993), L.G. Wang et al (1993), Wiedenbeck and 
Watkins (1993), Schi¢tte and Campbell (1996), Yeast et al. (1996), Mueller et al. (1996), Pidgeon 
and Hallberg (in press) and this study; Southern Cross Province - Bickel et al. (1983), Hill et al. 
( 1989, 1992), Savege et al. (1996), Nelson (1997a); Hill, Schi¢tte and Campbell, unpublished data; 
and this study; Eastern Goldfields Province - Hill and Compston (1986), Hill et al. (1989, 1992c), 
Hill and Campbell (1989, 1993), Kent et al. (1996), Nelson (1997a, b). 
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Fig. 7.4 Sketch map of the geology of the Yilgarn Craton of Western Australia showing the 
approximate localities of observed ca. 2.92-3.0 Ga supracrustal rocks, granitoids and xenocrystic 
zircons, and ca. 3.0-4.2 Ga xenocrystic (or detrital) zircons. Data from the literature referred in the 
text. Note one symbol may represent more than one date. 
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Elsewhere within the Murchison Province, greenstones with ca. 2.93-3.0 Ga ages have 
not been recognised. However, the observation of xenocrystic zircons of this range 
throughout the province (Fig. 7.4) provides evidence that material from the ca. 2.93 and 
3.0 Ga event of this episode is widespread in the Murchison. Furthermore, it has not 
been possible to date the lowest stratigraphic units from the Mount Magnet and 
Meekatharra areas. 
Volcanism of the same period also occurred in the southeastern part of the Yilgarn 
Craton (Fig. 7.4). In the Forrestania greenstone belt -100 km south of Southern Cross 
(Fig. 7.4), a metasediment was dated at 2983±8 Ma (Schi0tte and Campbell, 
unpublished data). All of the zircons form a homogenous population and thus the age 
interpreted to date the deposition age of the sediment rather than its maximum age of 
deposition. Further south, in the Ravensthorpe greenstone belt (Fig. 7.4 ), SHRIMP age 
of 2958±4 Ma was reported by Nelson (1997b) for a rhyolite. In this study, two younger 
ages of 2921±4 and 2903±5 Ma were obtained for intermediate and felsic volcanic 
rocks in the Maggie Hays greenstone belt (Fig. 7.4). The Penneshaw Formation at 
Norseman was dated at 2938±10 and 2930±4 Ma by Hill et al. (1992c) and Nelson 
(1997b) (Fig. 7.4). This is the only example of ca. 2.9-3.0 Ga greenstone succession 
dated from the Eastern Goldfields Province despite intensive geochronological in the 
region. 
The ca. 2.9-3.0 volcanic episode was accompanied by broadly contemporaneous 
plutonism in the Murchison and the Southern Cross Provinces (Fig. 7.3a, b; Fig. 3.4). In 
two localities within the Murchison Province, pegmatite-banded gneiss was dated at 
2918±6 and 2919±24 Ma by Nutman et al. (1993) and Wiedenbeck and Watkins (1993) 
respectively, showing that the intrusion of the protolith of the gneiss postdated the 
deposition of the oldest greenstone sequences. The Ravensthorpe tonalite in the 
Ravensthorpe greenstone belt (Fig. 7.4) has an age of 2966±12 Ma (Savage, et al. 
1996), similar to the 2958±4 Ma dated for the felsic volcanic rock from the same region 
(Nelson, 1997b). This is the only known occurrence of 2.9-3.0 Ga plutons in the 
granite-greenstone terrains outside the Murchison Province (Fig. 7.4). 
The thermal event (events?) responsible for the earliest volcanism and plutonism in the 
granite-greenstone provinces of the Yilgarn Craton is well recorded by xenocrystic 
zircons (Fig. 7.1), particularly in the Murchison and Southern Cross Provinces which 
show pronounced age peaks at around 2.95 Ga (Fig. 7.la, b). 
7 .2.2 Ca. 2.8 Ga episode 
A second period of volcanism and plutonism occurred at ca. 2.8 Ga (Table 7 .1; Fig. 7 .1, 
146 GENERAL DISCUSSION 
7.2, 7.3), following a quiescent period of about 70 million years. This episode is 
comparatively short-lived with a time span of less than 40 million years. The 
heterogeneous distribution of volcanic rocks and plutons of this episode is remarkable 
(Fig. 7.5). A ca. 2.8 Ga greenstone sequence (Windaning Formation) is widespread in 
the Murchison Province, where it has been recognised over a distance of more than 250 
km (cf. Chapter 3). However, supracrustal rocks of this age have not been substantiated 
outside of the Murchison Province (Fig. 7.5). A conventional U-Pb zircon upper 
concordia intercept age of 2790±30 Ma (MSWD=6.2) has been published by Cooper 
and Dong (1983) for a granophyre from the differentiated Kathleen Valley dolerite sill, 
-50 km north of Agnew (Fig 7.5). These authors interpreted the greenstones intruded by 
the sill have a similar age. However, all of the thirteen analyses are variously 
discordant, with apparent 207pb/206pb ages between 2275 and 2683 Ma, making the 
age of 2790±30 Ma questionable. A newly reported age of 2692±4 Ma for a porphyritic 
dacite from Royal Arthur (Nelson, 1997b), in the vicinity of Kathleen Valley, does not 
support the interpretation of Cooper and Dong (1983). Ca. 2.8 plutonism is rarely found 
in the Yilgarn Craton. The only known example is found close to Westonia, -60 km 
west of Southern Cross (Fig. 7 .5), where a gneiss was dated at 2805±6 Ma by Hill and 
Campbell (unpublished data). 
However, xenocrystic zircons with ca. 2.8 Ga have been observed in all subdivisions of 
the Yilgarn Craton, but primarily from the Murchison and Eastern Goldfields Provinces 
(Fig. 7.1, 7.5). Although the recognition of ca. 2.8 Ga xenocrystic zircon in the latter 
province (e.g. Campbell and Hill, 1988; Hill and Campbell, 1993) has led Hill and 
Campbell (1993) to suggest that crust of this age may exist in the Norseman region, no 
supracrustal rocks or granitoids have been found in either the Norseman area or 
elsewhere in the Eastern Goldfields Province. Indeed, the source of these xenocrysts is 
still unclear. In the Wongan Hill greenstone belt, adjacent to the boundary between the 
Western Gneiss Terrain (Fig. 7.5), a population of ca. 2.8 Ga xenocrysts was dated by 
Pidgeon et al. (1990), and was interpreted to date a metamorphic event. Similarly, the 
ca 2.8 Ga age obtained for xenocrystic zircons from a granulite at the southern end of 
the Western Gneiss Terrain (Fig. 7.5) was interpreted to date the timing of granulite 
facies metamorphism in the region (Nemchin et al., 1994a, b). 
The nature of the ca. 2.8 Ga event is enigmatic due to the extremely heterogeneous 
spatial distribution of the volcanism and plutonism of this period as demonstrated by the 
available geochronology. It is unclear whether the ca. 2.8 Ga event is confined to the 
Murchison Province, or whether it is craton-wide. The widespread occurrence of ca. 2.8 
Ga xenocrysts suggest the latter, although the event is clearly strongest in the 
Murchison Province. The lack of associated plutonism in the Murchison Province may 
be a genuine feature of this event, but could also be due to the allochthonous nature of 
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Fig. 7.5 Sketch map of the geology of the Yilgarn Craton of Western Australia showing the 
approximate localities of observed ca. 2.8 Ga supracrustal rocks and xenocrystic zircons. Data from 
the literature referred in the text. Note one symbol may represent more than one date. 
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the ca. 2.8 Ga greenstone sequence. As explained at the beginning of this thesis, the 
correlation and interpretation of the relationship between supracrustal successions are 
hindered by the poor exposure and strong deformation. The ca. 2.8 Ga greenstone 
sequence is made up of mainly felsic volcanic rocks and jaspilitic BIF with only minor 
basalts of uncertain affinity, and it lies apparently unconformably between the older and 
younger greenstone sequences. At this stage, it is appears to be a province-scale 
volcanic event that developed over 40 million years in the Murchison Province but 
affected the lower crust in the other provinces. The available data suggest that the ca. 
2.8 Ga thermal event was less intensive and extensive compared with the other two 
thermal events recognised in the Yilgarn Craton. 
7 .2.3 Ca. 2. 7 Ga episode 
The youngest and most widespread period of volcanism and plutonism took place 
between ca. 2.76 and 2.6 Ga, namely the ca. 2.7 Ga episode (Table 7.1;, Fig. 7.2, 7.3 
and 7 .6). Supracrustal rocks and granitoids of this episode have been observed in both 
high-grade gneiss terrain (i.e. the Western Gneiss Terrain) and low-grade granite-
greenstone terrains. Volcanism of this period has been dated at the Saddleback 
greenstone belt at the southwestern corner of the Western Gneiss Terrain (e.g. Wilde 
and Pidgeon, 1986; Allibone et al., 1998) (Fig. 7.5), throughout the Murchison and 
Eastern Goldfields Provinces, and the central and northern part of the Southern Cross 
Province. There is a trend of progressive delaying of the onset of ca. 2. 7 Ga volcanism 
and plutonism, and of reducing of time span of ca. 2.7 Ga plutonism across the granite-
greenstone terrains (Fig. 7 .6). 
(a) Murchison 
(b) Southern Cross 
(c) Eastern Goldfields 
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Age (Ma) 
Fig. 7.6 Comparison of relative probability plots of 207Pb/206Pb ages dated for supracrustal rocks 
(unshaded) and granitoids (shaded) from the granite-greenstone terrains in the Yilgarn Craton. Data 
sources refer to Figure 7.2 and 7.3. 
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The available data suggest systematic differences between the three granite-greenstone 
terrains. Supracrustal rocks of ca. 2.76-2.73 Ga have been found in large areas within 
the Murchison Province (cf. Chapter 3). At the Diemals - Marda area in the central 
Southern Cross Province (Fig. 7 .5), similar ages were obtained for the succession of 
calc-alkaline volcanic and elastic sedimentary rocks (Hallberg et al. 1976b)felsic 
volcanic rocks that belonging to the upper greenstone sequence proposed by Griffin 
( 1990) for this province. 
The bulk of the supracrustal rocks of the Eastern Goldfields Province are younger than 
ca. 2.72 Ga, and have developed mainly within a 40 million years period between ca. 
2.67 and 2.71 Ga (Fig. 7.2c, 7.6c). Although some> ca. 2.70 Ga supracrustal rocks 
have been dated from this province (exhibited as an older age peak in Fig. 7.2c and 
7.6c), they are younger than the oldest supracrustal rocks of ca. 2.7 Ga episode 
recognised in the Murchison and Southern Cross Provinces (Fig. 7.2a, b; 7.6a, b). 
However, an age of 2749±7 Ma obtained by Kent and Hagemann (1996) for a 
porphyritic microdiorite dyke from Wiluna provides an important exception. This age is 
interpreted to be the minimum age for the formation of komatiite-bearing stratigraphic 
succession, and has subsequently been taken as to indicate that the Norseman-Wiluna 
Belt may not be a single contiguous unit. This is the only date that is greater than ca. 
2.72 Ga that has been obtained for supracrustal rocks in the Eastern Goldfields Province 
(Fig. 7 .2c) although Nelson (1997b) has recognised a pronounced xenocrystic zircon 
populations of ca. 2.74 and 2.76 Ga from a dacite breccia near Kalgoorlie. He 
interpreted his observation as providing evidence of volcanism preceding the eruption 
of the mafic and ultramafic rocks at ca. 2.70 Ga. However, as noted by the author, the 
source rocks from which these xenocrysts were derived have not yet been identified. It 
was suggested that these source rocks were possibly exposed in the vicinity during the 
eruption of the dacite breccia and may be also part of the basement to the exposed 
greenstone sequences (Nelson, 1997b ). This interpretation needs to be confirmed by 
further studies. 
Similar to the ca. 2.9-3.0 episode, the ca. 2.7 Ga volcanism was followed by craton-
wide magmatism in the Yilgarn. The onset of granitoids emplacement (ca. 2.76-2.74 
Ga) was broadly synchronous with the start of volcanism in the Murchison and 
Southern Cross Provinces (Fig. 7.2, 7 .3 and 7 .6). However, the older granitic plutons 
(ca. 2.76-2.70) are much less important than the younger ones (ca. 2.70-2.60 Ga) both 
in terms of their volume and quantity. They are generally smaller than the latter and 
their occurrence is limited. In the Murchison Province, the ca. 2.7 Ga granitic 
magmatism extended over 100 million years and outlasted of the volcanism of the same 
episode (Fig. 7 .2a, 7 .3a and 7 .6a). Consistent with the observation that volcanic rocks 
older than 2.72 Ga are extremely rare in the Eastern Goldfields Province (Fig. 7.2c, 
150 GENERAL DISCUSSION 
7.6c), granitoids in this province are all younger than ca. 2.72 Ga. (Fig. 7.3c, 7.6). The 
oldest granitoids in the Eastern Goldfields Provinces, like supracrustal rocks (with the 
exception of those in Wiluna), are about 20 to 40 million years younger than the oldest 
granitoids in the other two granite-greenstone terrains (Fig. 7 .2, 7 .3 and 7 .6). The 
prominent granitoids emplacement event in this province is about 50 million years later 
than the outbreak of volcanism (Fig. 7 .6). 
In summary, supracrustal rocks and granitoids of early to middle Archaean age as 
developed in the Western Gneiss Terrain have not been recognised in the granite-
greenstone terrains, implying a different evolutionary history. The oldest volcanism and 
magmatism occurred broadly synchronous between ca. 2.9 and 3.0 Ga. However, 
granitoids of this episode have not yet been observed in the Eastern Goldfields Province 
and are rare in the Southern Cross Province. The ca. 2.9-3.0 Ga event is best developed 
in the Murchison Province. Its occurrence in the Eastern Goldfields Province, as 
demonstrated by available geochronology, is very restricted. Volcanism at ca. 2.8 Ga is 
apparently confined in the Murchison Province. However, granitic magmatism of this 
episode has not been recognised within this province. Outside the Murchison Province, 
the ca. 2.8 Ga event is confined to xenocrysts, particularly in the Eastern Goldfields 
Province, and a gneiss in the Southern Cross Province. The Yilgarn-wide ca. 2.7 Ga 
volcanism and magmatism appear to developed during an extended period, which may 
consists of multiple thermal events that starts at different times in different provinces . 
The oldest supracrustal rocks and granitoids in the Eastern Goldfields Provinces are 
about 40 million years younger than the oldest supracrustal rocks and granitoids in the 
Murchison and Southern Cross Provinces. The principle granitic emplacement event in 
this province is about 50 million years later than the onset of volcanism, whereas, in the 
Murchison and Southern Cross Provinces, they are synchronous. Thus the oldest 
granitoids there are not always younger than the oldest greenstones as previously 
observed in the Eastern Goldfields Province (Campbell and Hill, 1988). The available 
geochronology implies that the granite-greenstone terrains in the Yilgarn Craton share a 
common crustal evolution since ca. 3.0 Ga and may be dated back even further, 
although the onset of the thermal events may be diachronous (e.g. the ca. 2.7 Ga event) 
It thus reinforces the interpretation of Fletcher et al. ( 1984) that the lithological 
variations between the greenstone sequences of the granite-greenstone terrains are 
attributed to lateral facies changes or different environment of depositional basins. 
Although there is a general trend of eastward younging across the Yilgarn Craton as 
noted by many workers (e.g. McCulloch et al., 1983; Fletcher at al., 1984; Pidgeon and 
Wilde, 1990), would it be an indication of an easterly accretionary development of the 
whole craton as previously suggested (e.g. Fletcher at al., 1984) need to be testified by 
future work. The present study confirms this observation for the ca. 2.7 Ga supracrustal 
rocks and granitoids. 
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7 .3 Geochronology constraints on mineralisation in the Yilgarn Craton 
The Yilgarn Craton contains a variety of mineralisation (e.g. as summarised by 
Solomen et al., 1993). The most important deposits include lode gold, volcanic massive 
sulphide, and komatiite-hosted nickel deposits (Fig. 7.7). Constrains on the timing of 
mineralization provide useful information that can be used to test the genesis of these 
mineral deposits and the origin and evolution of the craton as a whole. 
7.3.1 Lode gold deposits 
Epigenetic lode gold deposits are the most valuable mineralisation found in the 
Yilgarn Craton. The distribution of gold mineralisation is heterogeneous. The 
Norseman-Wiluna Belt in the Eastern Goldfields Province is the most highly 
mineralised, particularly in the Norseman-Kalgoorlie region (Fig. 7.7). Although the 
Murchison and the Southern Cross Provinces are by comparison, not as well 
mineralised, some important deposits occur within these provinces (Fig. 7.7). 
Previously, the timing of gold mineralisation could only be expressed relative to 
deformation, metamorphism and plutonic intrusion because of a lack of direct 
chronology. Prior to 1990, the majority of the available data were Pb model ages 
obtained from gold-related sulphides (e.g. Dahl et al., 1987; Browning et al., 1988), 
which are strongly model dependant and show a large variation. It had been generally 
accepted that the main gold mineralisation in the Yilgarn Craton occurred in a single 
event at around ca. 2.63 Ga (e.g. McNaughton et al., 1990, 1992; Groves, 1992; 
Solomon et al., 1994). It postdates a major episode of extensive granitoid emplacement 
(between ca. 2.69 and ca. 2.66 Ga in case of the Eastern Goldfields Province; Hill et al., 
1992; Nelson, 1997b), and postdates or is synchronous with peak regional 
metamorphism and deformation (e.g. Groves, 1993; Kerrich and Cassidy, 1994) at ca. 
2.66 Ga (e.g. Nemchin et al., 1994b), and formed while the regional metamorphic 
thermal gradients were still in place (Barnicoat et al., 1991; Witt et al., 1997). 
As more direct, precise geochronology became available, the picture of the timing of 
gold mineralisation in the Yilgarn Craton has become clearer. Most published ages 
(mainly Pb-Pb isochron and Ar-Ar data) fall within the range of ca. 2620 and 2640 Ma 
(e.g. Clark et al., 1989; Barnicoat et al., 1991; L.G. Wang et al., 1993; Kent, 1994; 
Blome et al., 1995; Kent and McDougall, 1995; Kent and Hagemann, 1996; Kent et al., 
1996), indicating that the principal period of gold mineralisation in the Yilgarn Craton 
is 2630±10 Ma. However, some older and younger ages have been reported recently. 
Two Ar-Ar ages of ca. 2565 Ma were obtained by Kent and Hagemann (1996) for the 
mineralisation in the East Lode deposit in Wiluna. The authors proposed that these 
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Fig 7.7 Sketch map of the Yilgarn Craton showing the positions of the important mineral deposits 
(modified from Groves et al., 1988). 
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younger ages may represent a separate hydrothermal episode - 90 million years 
postdating the main event. The 2662±5 Ma age of Mueller et al. ( 1996) was interpreted 
as dating the primary gold mineralisation at Big Bell deposit in the Murchison 
Province. It is about 80 million years younger than the peak of amphibolite facies 
metamorphism (ca. 2737 Ma) in the mine area. These observations do not support the 
former suggestion that gold mineralisation is broadly synchronous with or closely 
postdates peak regional metamorphism and deformation. 
The Kanowna Belle deposit (Ross, 1993; Heithersay et al., 1994; Ren and Heithersay, 
in press) located - 20 km northeast of Kalgoorlie is one of the most significant recent 
discoveries in Eastern Goldfields Province (Fig. 7. 7). It is of interest because of its large 
size (total gold of 4 million ounces), distinct mineralisation style (felsic porphyry 
hosted) and because the mineralisation formed during two distinct time periods 
(Heithersay et al., 1994; Ren and Heithersay, 1994, in press). Geochronology study was 
carried out to constrain the timing of these two periods mineralisation. The ages of ca. 
2630 and 2650 Ma obtained for the late stage of mineralisation are broadly synchronous 
with the main gold forming episode in the Yilgarn Craton, whereas, the early stage 
mineralisation was constrained to occur at 2695±4 Ma. This is the oldest age of gold 
mineralisation record in the Yilgarn Craton and is significantly ( - 60 million years) 
older than the generally accepted timing of 2630±10 Ma. This discovery shows that 
gold mineralisation developed in the Yilgarn Craton over a long period of time (at least 
90 and possibly as much as 130 million years). Details of the Kanowna Belle study are 
given in Appendix A. 
7.3.2 Komatiite-hosted nickel deposits 
Archaean komatiite associated nickel sulphide deposits are an important source of 
nickel mineralisation. They occur in the Archaean greenstone belts, especially in late 
Archaean (ca. 3.0 - ca. 2.7 Ga) terrains, in Canada, Zimbabwe and Western Australia. 
Yilgarn Craton is the largest producer of Ni from Archaean Ni sulphide deposits. 
However, the distribution of the Ni deposits in the craton is markedly heterogeneous 
(Solomon et al., 1994; Lesher, 1989). Almost all of the important Ni deposits confined 
to the Norseman-Wiluna greenstone belt in the Eastern Goldfields Province, particularly 
in the Kambalda-Widgiemooltha area (Fig. 7.7). To the west of the Eastern Goldfields, 
Ni sulphide deposits have only been found at the southern end of the Southern Cross 
Province in Forrestania, Maggie Hays, Lake Hope and Ravensthorpe greenstone belts 
(Fig. 7.7). Elsewhere in the Southern Cross Province, and in the whole Murchison 
Province, no significant Ni deposits have been found. 
The age of the komatiites, and the associated Ni sulphide mineralisation in the Eastern 
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Goldfields and the Southern Cross Provinces have been constrained to occur at ca. 2.7 
Ga (e.g. Nelson, 1997b) and between ca. 2.9 and 2.92 Ga (this study) respectively. It 
indicates that there were two distinct episodes of komatiite eruption and associated Ni 
mineralisation in the Yilgarn Craton. 
7 .3.3 Volcanic massive sulphide deposits 
Stratabound volcanic massive sulphide (VMS) deposits are another important style of 
Archaean mineralisation, although it is more important in Canada than it is in the 
Western Australia. in the Yilgarn Craton. The most important VMS deposits in the 
Yilgarn Craton are the Gossan Hill and Scuddles deposits (Frater 1993; Ashley et al. 
1988; Mill et al. 1990; Clifford et al., 1990) at Golden Grove in the Murchison Province 
(Fig. 7.7). The Teutonic Bore deposit (Greig, 1984; Hallberg and Thompson, 1985) in 
the Eastern Goldfields Province is an other major VMS deposit, but is smaller 
compared with these two in the Murchison. 
Mineralisation in the Gossan Hill and Scuddles deposits is hosted by volcaniclastic 
sediments and cherts of Gabanintha Formation of Watkins and Hickman (1990a, b). 
The Pb-Pb model ages on syngenetic sulphides (galena and pyrite) (Dahl et al., 1987; 
Browning et al., 1987; Fletcher et al., 1984) lie within the range of 3020 and 3052 Ma. 
Their weighted mean is 3045 Ma. Pidgeon et al. ( 1990) reported younger conventional 
U-Pb zircon ages of ca. 2951 to ca. 2957 Ma for two felsic volcanic rocks from the 
Golden Grove area. These ages agree with the results obtained from this study (cf. 
Chapter 3), which constrain the timing of stratabound Cu-Zn mineralisation at Golden 
Grove to occur between 2953± 7 and 2945±4 Ma. 
The Teutonic Bore deposit (Greig, 1984; Hallberg and Thompson, 1985) is - 320 km 
north of Kalgoorlie (Fig. 7.7). The ore is hosted by a sequence of tholeiitic basalts, -
1 OOm above a contact with volcanic and volcaniclastic rocks (Greig, 1984). The 
spatially restricted volcanic massive sulphide deposits in the Eastern Goldfields 
Province were proposed by Solomon et al. (1994) to occur at ca. 2.7 Ga. Vaasjoki 
(1985) reported Pb-Pb model ages of ca. 2700-2800 Ma for six bulk-ore samples from 
the massive mineralisation. Another Pb-Pb model age of 2743±45 Ma was published by 
Browning et al. (1987). The most reliable geochronological constraint on the timing of 
VMS mineralisation at Teutonic Bore is 2689±5 Ma, an unpublished date of Hill and 
Campbell. It is clearly that two episodes of VMS base-metal mineralisation in the 
Yilgarn Craton took place about 250 million years apart. 
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7 .4 Crustal evolution of the granite-greenstone terrains of the Yilgarn Craton 
The crustal evolution of the three granite-greenstone provinces are summarised in the 
following tables based on published geochronology data from previously referred 
literature and the results obtained from this study. The Structure events in the 
Murchison, Southern Cross and Eastern Goldfields Provinces are from Watkins and 
Hickman (1990a, b); Griffin (1990) and Beeson et al. (1993); and Swager et al. (1992) 
respectively. 
Table 7 .2 Crustal evolution history of the Murchison Province in late Archaean 
Timing (Ga) 
2.98-2.93 
2.95 
2.92 
2.82-2.80 
2.75-2.70 
2.74 
Event Notes 
Deposition of the lower greenstone Developed upon pre-existing sialic crust (>ca. 
sequence 3.4 Ga, could be as old as ca. 3.9 Ga). 
Massive sulphide mineralisation 
Includes Gabanintha Formation and 
underlying successions of Watkins and 
Hickman in Y algoo-Singleton, Weld Range 
greenstone belts, and Gabanintha Formation 
in the northeastern corner of the Province in 
Polelle Syncline area. 
Distribution of this sequence elsewhere is 
inferred from xenocrystic zircon ages. 
Basically equal to the Assemblage 1 of 
Hallberg et al.. 
Gossan Hill , Scuddles and Mt Gibson 
deposits. 
Emplacement of the oldest granitoid Intruded the lower greenstone sequence only. 
suite 
D 1 deformation 
Most of them are now pegmatite banded 
gneiss but some others did not strongly 
deformed. 
Folding and thrusting. 
Deposition of the middle greenstone Unconformably overlying the lower 
sequence greenstone sequence. 
Equivalent to the Windaning Formation of 
Watkins and Hickman and Assemblage 2 of 
Hallberg et al. . 
Widespread within the province and can be 
correlated with confidence, and thus is an 
important stratigraphic marker. 
Deposition of the upper greenstone Unconformably overlying the middle 
sequence 
Amphibolite facies metamorphism 
greenstone sequence. 
Mount Farmer and most of the greenstone 
successions mapped as Gabanintha 
Formation. 
Including Hallberg et al.'s Assemblage 3 to 5. 
At Big Bell. 
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Table 7.2 (Continued). 
Timing (Ga) Event Notes 
2.76-2.63 Emplacement of suite I and external Basically synchronous. 
granitoids 
D2 and D3 deformation 
2.66 Gold-sulphide-scheelite mineralisation 
2.64-2.60 Emplacement of suite II granitoids 
D4 I D5 deformation 
2.63 Lode gold mineralisation 
2.61 (?) Gold-sulphide-scheelite mineralisation 
Suite I intrusion mainly distributed in the 
northern part of the province. 
Folding. 
Big Bell deposit. 
Postdates peak regional metamorphism. 
Mainly distributed in the southern part of the 
province. 
Major shear zones I E-SE trending faults and 
shear zones confined to the NW part of the 
province 
South Emu, Mt Gibson deposits. 
Synchronous with peak regional 
metamorphism. 
Big Bell deposit. 
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Table 7.3 Crustal evolution history of the Southern Cross Province in late Archaean 
Timing (Ga) 
2.99-2.90 
2.97 
2.92-2.90 
2.80 
>2.74 
2.74-2.62 
2.65-2.64 
2.63 
<2.63 
Event Notes 
Deposition of the lower greenstone Developed upon pre-existing sialic crust. 
sequence 
Emplacement of the old granitoid suite 
The basal quartzite unit contains detrital 
zircons of 3.7-3.6 and 3.4-3.3 Ga. 
Mainly developed in the southern end of the 
province in the Ravensthorpe, Forrestania and 
Maggie Hays greenstone belts. 
In the Ravensthorpe greenstone belt. 
Komatiite associated Ni-sulphide Same distribution as the lower greenstone 
mineralisation sequence 
high-grade metamorphism (?) or 
the old protolith age 
D 1 deformation 
As revealed by xenocrystic zircons in mafic 
granulites from the southwestern end of the 
province. 
Folding. 
Affected the lower greenstone sequence only. 
Deposition of the upper greens tone U nconformably overlying the lower 
sequence. greenstone sequence. 
Emplacement of ca. 2.7 Ga granitoids. 
D2 deformation 
Regional metamorphism 
D3 deformation 
Lode-gold mineralisation 
D4 I D5 deformation 
Occur in the central and northern part of the 
province. 
Province-wide. 
Folding and faulting. 
Granulite facies in southwestern end of the 
province and prehnite-pumpellyite to low 
amphibolite facies. 
Folding and faulting. 
Mainly distributed in the southern part of the 
province. 
Major shear zones I E-SE trending faults and 
shear zones confined to the NW part of the 
province 
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Table 7.4 Crustal evolution history of the Eastern Goldfields Province in late Archaean 
Timing (Ga) 
2.94-2.93 
2.76-2.74 
2.72-2.70 
Event Notes 
Deposition of the lower greenstone Developed upon pre-existing sialic crust 
sequence (Penneshaw Formation) (>3.4 Ga). 
Volcanism (?) 
Found only in Norseman region. 
The komatiite-bearing greenstone sequence at 
Wiluna is the only recognised occurrence. 
Xenocrystic zircon ages have been observed 
near Kalgoorlie. However, the source rocks 
of these xenocrysts are uncertain. 
Formation of the oldest supracrustal The oldest greenstones are predominantly 
rocks and intrusion of older granitoids tholeiitic basalts and komatiites. 
Plutonism are of limited scale. 
D 1 deformation Primarily folding and thrusting. 
2.708-2.705 Komatiite associated Ni-sulphide Mainly confined to the Norseman-Wiluna 
2.689 
2.70-2.60 
mineralisation belt, particularly productive in the Kambalda-
Widgiemooltha area 
Massive sulphide mineralisation At Teutonic Bore. 
Deposition of the younger greenstone Volcanism took place principally during ca. 
sequences and emplacement of younger 2.70 and 2.67 Ga and climaxed at ca. 2.68-
granitoids 2.67 Ga. 
Plutonism are voluminous and widespread. 
2.695 Au mineralisation Early stage porphyry style mineralisation at 
Kanowna Belle. 
2.690 Massive sulphide mineralisation 
2.675-2.657 D2 deformation 
2.663-2.630 D3 deformation 
2.64-2.62 
2.60 
2.56 
Regional metamorphism 
Lode-gold mineralisation 
D4 deformation 
Lode-gold mineralisation 
At Teutonic Bore. 
Folding and striking. 
Major shear zones, folding and extension. 
The principal gold mineralisation episode of 
the Yilgarn Craton. 
Eastern Goldfields Province is the largest Au 
producer within the Yilgarn Craton. 
Shear zones and folding. 
At Wiluna. 
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Abstract 
The Kanowna Belle mine is a major new gold discovery located in the Eastern 
Goldfields Province of the Yilgarn Craton, about 20 km northeast of Kalgoorlie. Most 
of the gold mineralization is hosted by the Kanowna Belle Porphyry, which has 
intruded the Kanowna Conglomerate, a comagmatic sequence of felsic volcanics and 
volcaniclastic sedimentary rocks. It is the first discovery of a major gold deposit hosted 
by felsic sub-volcanic rocks in the province. Two stages of mineralization have been 
identified: an early stage with distinctive mineralogy that is found in both some 
mineralized felsic porphyry clasts of the Kanowna Conglomerate and in the Kanowna 
Belle Porphyry; and a younger stage in shear zones that cut the Kanowna Belle 
Porphyry and must therefore postdate the crystallization of the porphyry. 
The timing of the two stages of gold mineralization were constrained by SHRIMP 
U-Pb zircon dating of two mineralized porphyry clasts from the Kanowna 
Conglomerate, a sample from the Kanowna Belle Porphyry, and a sample of the Lowes 
Sandstone of the Kanowna Conglomerate. The age of the principle zircon population in 
all four samples lies within error of 2695±4 Ma. A small fraction of the zircons in three 
of the samples record a younger age that lies between ca. 2630 and ca. 2650 Ma, which 
is broadly synchronous with the principal period of gold mineralization in the Yilgarn 
Craton at 2630± 10 Ma. This younger age dates new zircon growth or resetting of U-Pb 
system, probably in response to the hydrothermal activity that produced the late stage 
gold mineralization. The interpreted age of 2695±4 Ma is taken as the age of 
crystallization of all samples and the timing of early stage of gold mineralization. This 
mineralization event is ca. 60 Ma older than the accepted age of ca. 2630 Ma for the 
main gold forming event in the Yilgarn Craton, making it the oldest recorded gold 
mineralization event in the region. 
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Introduction 
The Yilgarn Craton of Western Australia (Gee et al., 1981) is a major gold province 
with cumulative gold production exceeding 2500 tons and with over 2300 occurrences 
of gold mineralization (Woodall, 1990). A range of genetic models has been proposed 
for Western Australia gold deposits including the metamorphic fluid model (Groves 
and Phillips, 1987), lamprophyre model (Rock et al., 1990), magmatic fluid model 
(McNaughton et al., 1993), and the crustal continuum model (Groves, 1993). Most of 
these genetic models emphasize the similarities of Archaean lode gold deposits, such as 
their relationship to craton scale structures and to C02 rich hydrothermal fluids of low 
salinity and near neutral pH. They attempt to link all the deposits to a single gold 
mineralization event. 
The Kanowna Belle gold deposit is a significant new discovery in the Eastern 
Goldfields near Kalgoorlie (Fig. Al). The mineralization is mainly hosted by an 
intrusive feldspar porphyry. It is the first discovery of major gold mineralization not 
hosted within mafic rocks in the Eastern Goldfields. Detailed geological studies 
(Heithersay et al., 1994; Ren and Heithersay, 1994 and in press) have identified two 
stages of gold mineralization: an early stage of disseminated refractory gold 
mineralization in the Kanowna Belle Porphyry and pre-mineralized clasts in the host 
volcano-elastic sediments, and a late stage of structurally hosted mineralization. The 
late stage mineralization has also been described by Beckett et al. (in press) and the 
types of mineralized clasts by Das ( 1996). The presence of two stages of gold 
mineralization is of great interest in understanding the gold metallogeny of the Yilgarn 
Craton and the aim of this study was to constrain the age of both types of 
mineralization. 
Geological setting 
The main stratigraphic elements in the mine area are felsic extrusives and elastic 
sediments, broadly named as the Kanowna Conglomerate, and polymict conglomerates 
of volcanic origin (Fig. A2). The sequence is made up of multiple cycles, with each 
cycle grading upwards from coarse conglomerates to medium-grained arkosic 
sandstones. At the base of the Kanowna Conglomerate, the sequence contains large 
clasts, some of which are over 10 m in size. Over 60 percent of the clasts were derived 
from mafic and ultramafic rocks. There is an overall decrease in the size and abundance 
of mafic and ultramafic clasts from the base of the sequence to the top. The arkosic 
sandstone phase observed in the upper cycles contains around 15 percent detrital quartz 
grains up to 0.5 cm in size. 
The Kanowna Conglomerate has been intruded by a number of felsic porphyry 
bodies of similar texture and compositions (Fig. A2) that are probably co-magmatic 
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(Champion and Ursem, 1997). The largest is the Kanowna Belle Porphyry which hosts 
the Kanowna Belle mineralization (Fig. A2 and A3). It contains about 10 to 20 percent 
subhedral to euhedral plagioclase (albitic composition) phenocrysts up to 5 mm in size. 
The matrix is composed of a very fine intergrowth of plagioclase (-60 percent) and 
quartz (-40 percent) with varying relative proportions. The main accessory minerals 
identified include magnetite, rutile, apatite, pyrite, sphene, and zircon. The Kanowna 
Belle Porphyry has an average Si02 content of 66 weight percent (range 62-71 weight 
percent). It has a ferric/ferrous iron ratio around 1.5, consistent with the observation 
that magnetite is the main primary iron bearing phase. The K201Na20 ratio ranges 
from less than 0.7 to 1.1 and the Al203/CaO+Na20+K20 (mole) ratio is about 1.2, a 
feature that may partly reflect sericite alteration. Most of the felsic porphyry dykes 
contain small fuchsite clots, probably derived from altered ultramafic enclaves. Other 
intrusive porphyry bodies examined include the Micro Porphyry at Kanowna Belle and 
the Red Hill Porphyry (Ho, 1984), both of which have similar composition to the 
Kanowna Belle Porphyry. All the known felsic porphyry bodies in the area are strongly 
anomalous in gold contents (>30 ppb Au), and a number of them hosts sub-economic 
grade gold (0.5-1.5 git Au). 
A significant fraction of the clasts in the Kanowna Conglomerate were derived from 
felsic porphyries. Although it is not possible to identify their source with certainty, their 
textures and compositions suggest that their source was similar to the known felsic 
porphyry dykes in the area. A detailed study of the clasts by Das ( 1996) suggests that 
the Kanowna Conglomerate was of volcanic origin and that the felsic porphyry clasts in 
the conglomerate were derived from co-magmatic porphyry bodies. 
The most important structural feature at Kanowna Belle is the Fitzroy Fault (Fig. 
A4) which dips at about 55° to SSE and has a reverse movement (Ren and Heithersay, 
1994 and in press). It appears as a zone of puggy clay to a depth in excess of 1000 m, 
varying in thickness from several centimetres to half a metre. Limited crackle 
brecciation occurs adjacent to the Fitzroy Fault. The fault occurs within a sub-parallel, 
high-strain zone about 10 m wide, in which mafic and ultramafic clasts in the 
conglomerate are deformed and elongated. This has been interpreted as an early ductile 
shear zone (Thomson and Peachey, 1993). An intermittently developed, weak, slaty 
cleavage trending NNW with a subvertical dip is superimposed on the region. It is 
related to the regional D3 deformation of Swager (1990). 
Evidence for two stages of gold mineralization in Kanowna Belle 
Two stages of gold mineralization have been observed in the Kanowna Belle deposit 
(Ren and Heithersay, 1994 and in press). The early stage is represented by disseminated 
mineralization in the Kanowna Belle ore body. Gold occurs as very fine grains 
(generally <5 µm) inside pyrite and occasionally arsenopyrite. These pyrite grains also 
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usually contain abundant inclusions of magnetite, quartz, arsenopyrite, with lesser 
amounts of rutile, molybdenite and gold tellurite. It was named as 'duty pyrite' by Ren 
and Heithersay (1994 and in press). The early stage of mineralization is also 
represented by mineralized clasts in the Kanowna Conglomerate that were derived from 
mineralized felsic porphyry sources. Styles of mineralization include stockwork quartz-
molybdenite-pyrite veins, collarform banding quartz-pyrite veins, disseminated pyrite 
associated with sericite-hematite alteration, and massive pyrite. Analyses of individual 
clasts normally show gold contents between 0.05 ppm to 1.5 ppm. However, rare 
mineralized clasts have gold concentrations of up to 1800 ppm (Ren, unpublished data). 
Generally gold grains in those clasts are very fine, but visible gold also occurs. 
Mineralized clasts generally make up less than 2 percent of the total clasts in the 
conglomerate and show a style of alteration that contrasts with the adjacent clasts. The 
styles of alteration and mineralization seen in the clasts suggest that they were derived 
from a subvolcanic porphyry or epithermal system which was eroded during a period of 
felsic volcanic activity. Detailed mineralogy, sulphur isotope and fluid inclusion studies 
suggest that the mineralization in the clasts is cogenetic with the early stage of 
mineralization (Ren and Heithersay, 1994 and in press; Das, 1996). 
The late stage mineralization at Kanowna Belle is similar to the typical lode gold 
mineralization in the Eastern Goldfields. Free gold occurs as irregular patches, ranging 
from 5 to 200 µm in size, but is mostly between 5 and 30 µm, in association with pyrite 
grains that are generally free of inclusions (Ren and Heithersay, 1994 and in press). It 
occurs in quartz-carbonate veins associated with strong quartz-albite or sericite-
carbonate alteration. Late stage mineralization is structurally controlled in zones 
characterized by a well-developed NNW trending cleavage which is truncated by the 
Fitzroy Fault. It appears that much of the variation of grade in the Kanowna Belle 
system is caused by the variable abundance of free gold, which ranges from >90 
percent of the total metal contents in high grade zones, to less than 50 percent in low 
grade zones. In the Kanowna Belle ore body, the late stage mineralization appears to 
account for about 65 percent of the total metal budget, with the early stage the 
reminder. However, systematic stable isotope study of associated pyrite in both stages 
of mineralization indicates that at least part of the late stage mineralization represents 
reactivation of the early mineralization (Ren and Heithersay, 1994 and in press) so that 
the importance of the early mineralization may have been underestimated. 
Analytical method and data assessment 
Zircons separated using conventional heavy-liquid and magnetic separation 
techniques were hand picked and cast in epoxy discs, which were then sectioned to 
expose the interiors of the zircon grains. The sample mount was thoroughly cleaned 
before coating with high purity gold, and left under vacuum overnight prior to analysis. 
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U-Pb-Th isotopic ratios and concentrations of the unknowns were determined using the 
SHRIMP-I ion microprobe at the Australian National University, and referenced to the 
standard zircon SL13 (206pb/238u=0.0928, equivalent to an age of 572 Ma). Grains of 
ca. 1850 Ma standard zircon QGNG from a quartz gabbronorite from the Lincoln 
Complex, Eyre Peninsular, South Australia (Mortimer et al. 1988), were also mounted 
and analysed to monitor accuracy of the 207pb/206pb age determinations of the 
unknown zircons. The following positive secondary ions, including 196zf2o+, 
204pb+, background, 206pb+, 207pb+, 208pb+, 238u+, 248ThQ+ and 254uo+, were 
measured by the ion counter cyclically with the counting time between 2 and 40 
seconds. Five scans were performed for every site during each analytical session. More 
details of data acquisition and reduction are given by Compston et al. (1984), Roddick 
and Van Breemen (1994), Claoue-Long et al. (1995) and Williams (in press). Ages 
presented in this paper are weighted means (2cr) determined from indistinguishable 
207pb/206pb ratios of analyses carried out on the least isotopically disturbed sites of 
the same zircon population. These sites are characterised by being close to concordant, 
with low common Pb content. The uncertainties of the quoted 207pb/206pb ages are at 
95% confidence level. Zircon populations were determined based on their physical 
characteristics, particularly their morphology, cathodoluminescence (CL) images and 
the 207pb/206pb age distribution. The Mix program of Sambridge and Compston 
( 1994) was used to distinguish multiple age components in a complex data sets by 
finding the maximum likelihood for any assumed numbers of components. To avoid 
over-interpret the data, cautious was made to estimate the minimum number of 
components necessary to interpret the distribution of age measurements. The 204pb 
method was used to correct the common Pb content of unknown zircons. The common 
Pb compositions proposed by Cumming and Richards (1975), at the estimated age of 
the rocks were applied. The common Pb content of the sample zircons are generally low 
and, as a consequence, the correction procedures is not sensitive to the choice of 
common Pb composition. The decay constants and present-day 238ut235u ratio used 
are those given by Steiger and Jager (1977). 
Results 
96-634 is a sample of the Kanowna Belle porphyry collected from the main orebody 
in the Kanowna Belle open pit. This rock is composed mainly of subhedral to euhedral 
plagioclase phenocrysts, fine-grained quartz-feldspar groundmass with abundant 
disseminated pyrite. Zircons extracted from this sample are euhedral, prismatic and 
colorless with well developed micro-scale euhedral zoning. Some of them have 
metamict zoned cores and clear outer rims which are thin and unzoned. Twenty-six 
sites from 19 grains were analysed. Three broad populations of zircon were identified 
from their microstructures and the 207pb/206pb age distribution (Fig. A5a, Fig. A6a 
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and A6b). Two inherited grains (15.1, 19.1) and one core (12.1, Fig.A?) gave near 
concordant and strongly discordant ages between 2741 and 2919 Ma (Fig. A5a, Table 
Al). These zircons are clear and unzoned and two of them have rounded edges. The 
main group was dated at 2694±8 Ma. Zircons of this group are generally euhedral 
prismatic crystals with or without oscillatory interior zoning. They rarely occur as 
overgrowth rims to old cores ( 1.1, 8.1, 12.2, Fig. A 7) or as cores surrounded by 
younger zircon overgrowths (3.2). The third group of six grains gave an age of 2656±9 
Ma. With one exception, all of the younger ages were obtained from clear unzoned 
overgrowth rims (Fig. A7). Strongly discordant analyses (3.1, 3.2 and 4.1) which were 
obtained for grains with high U, Th and common Pb (Table Al), were rejected when 
calculating the weighted mean ages. Two age peaks in the younger zircon populations 
at ca. 2.7 are shown in Figure A6a and A6b. On the basis of the microstructure of the 
two population zircons, the age of 2694±8 Ma is interpreted as the best estimate 
crystallization age of this sample, and 2656±9 Ma to be the age of a metamorphic or 
metasomatic event. 
The observation of ca. 2.9 Ga xenocrystic zircon in this sample could imply either 
ca. 2.9 Ga lower crust or sediments bearing ca. 2.9 Ga detritus beneath the ca. 2.7 Ga 
upper greenstone sequences in Kalgoorlie area. Further south in Norseman area, 
supracrustal rocks of ca. 2930 Ma with ca. 3100 Ma xenocrysts have been dated at 
Norseman (Campbell and Hill, 1988; Hill et al., 1992; Nelson, 1997). 
Sample 96-635 was collected from Lowes Sandstone, an ash tuff that forms part of 
the sequence hosting the Kanowna Belle porphyry and related mineralization. It is a 
medium to coarse grained feldspathic sandstone consisting of subangular to rounded 
plagioclase and rounded quartz grains up to 0.5 mm in diameter set in a fine-grained 
quartz-feldspar matrix. Abundant disseminated pyrite and rare lithic fragments, can also 
occur. The zircons are transparent to pale brown in color. Most of them are prismatic 
euhedral crystals with large unzoned or oscillatory zoned cores and a thin zoned rim. 
Although the cumulative relative distribution plot of the 207pb;206pb ages appears to 
show only a single age population for this sample (Fig. A6d), Two age components 
were identified by Mix modeling and the 207pb/206pb age distribution, although they 
appear to be substantially overlapped in Figure A6c and A6d. An age of 2689± 7 Ma 
was determined from 18 analyses of 14 grains for the main population. This age is 
slightly younger than, but agrees within analytical error with the age of 2694±8 Ma 
dated for the Kanowna Belle Porphyry. However, because Lowes Sandstone is cut by 
the Kanowna Belle Porphyry, it is taken as the minimum rather than maximum age of 
deposition for the tuff. The age of 2640±8 Ma for the younger population, which was 
calculated from 9 analyses of 9 grains, is taken to be the age of a late metamorphic or 
metasomatic event. Alternative interpretation that the 2640±8 Ma is the maximum 
deposition age of the tuff, and the age of 2689±7 Ma is dated for xenocrysts is not 
favoured, because both dates obtained from the Kanowna Belle Porphyry (96-634) are 
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older than 2640±8 Ma. Analysis 6.1 has very low U (8.2 ppm), Th (0.85 ppm) and thus 
very large uncertainties in the Pb/U ratios (Table Al). It is not shown in the concordia 
plot Figure A5b. 
96-636 is a mineralized porphyry clast of Kanowna Conglomerate collected in the 
Kanowna Belle open pit, -150 m from the orebody. This rock has similar composition 
and textures to the Kanowna Belle porphyry (96-634), but contains rare quartz 
xenocrysts. Zircons in this rock are white to pale brown, euhedral prismatic to equant 
crystals and fragments, which commonly have oscillatory to well developed continuous 
zoning, although some grains do not show obvious internal zoning and few grains have 
rounded edges. Only one age population was observed from the total of thirty-four 
analyses collected from 29 grains (Fig. A5c, Fig. A6e and A6f). An age of 2694±10 Ma 
was obtained from 27 analyses of 26 grains. Seven highly discordant sites (4.2, 8.1, 9.1, 
11.1, 11.2, 17.2 and 19.2) with high U, Th and common Pb contents were rejected (Fig. 
A5c, Table Al). 
Another sample (96-637) of a mineralized porphyry clast from the Kanowna 
Conglomerate was also dated. This rock is similar to 96-636, but shows some weak 
post-deposition shearing related alteration. Zircons separated from this sample are 
transparent, stubby and prismatic. Many of them have a large unzoned to weekly zoned 
central domain and narrow well zoned outer rims. Two age populations were identified 
form this rock (Fig. A5d, Fig. A6g and A6h, Table Al). An age of 2697±11 Ma was 
determined from 7 analyses of 5 grains, including two old cores (1.2, 9.2). Nine other 
analyses carried out on 7 individual grains and two overgrowth rims gave an age of 
2632±18 Ma. The former age is interpreted as the crystallization age of the porphyry 
clast, and the later as dating a post crystallization event. 
Discussion 
Dating of early porphyry mineralization 
As mentioned before, the Kanowna Conglomerate contains mineralized porphyry 
clasts and is intruded by the porphyry bodies including the Kanowna Belle Porphyry, 
thus its deposition age would place a minimum age for the crystallization of the source 
rocks of the porphyry clasts, and also the early stage gold mineralization. It also gives 
the maximum age for the emplacement of the porphyries it hosts and their associated 
early stage mineralization. On the other hand, the age of the crystallization of the source 
rocks of the porphyry clasts and the age of the porphyries intrusion would impose the 
upper and lower time limit of the deposition of the Kanowna Conglomerate 
respectively. The age of 2689±7 Ma dated for the Lowes Sandstone which is a phase of 
the Kanowna Conglomerate, and the 2694±8, 2694±10 and 2697±11 Ma ages obtained 
for the Kanowna Belle Porphyry and two mineralized porphyry clasts respectively, all 
lie within the analytical uncertainty. The crystallization of the parental source 
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porphyries of the clasts, their subsequent mineralization and erosion, the deposition of 
the Kanowna Conglomerates, as well as the intrusion of the Kanowna Belle Porphyry 
and the other porphyries, therefore took place within a period of less than 10 Ma. If the 
early gold mineralization in the porphyries is cogenetic with the mineralization in the 
clasts as supposed by Ren and Heithersay (1994 and in press), this must also be the age 
of the early mineralization. The age of these events may be obtained from average age 
calculated from fifty-eight concordant analyses of ca. 2690 Ma zircons from all four 
samples. This age is 2695±4 Ma. 
Dating of younger hydrothermal mineralization 
The younger ages between ca. 2632 and ca. 2656 Ma were obtained for zircon 
overgrowth and single crystals from three samples. They are interpreted as dating 
metamorphic or hydrothermal events associated with the late stage gold mineralization 
occurred. Within analytical uncertainties, two of the ages agree with the 2630±10 Ma 
determined as the principle age of gold mineralization in the Yilgarn Craton (Clark et 
al., 1989; L.G. Wang et al., 1993; Kent, 1994; Bloem et al., 1995; Kent and McDougall, 
1995; Kent et al., 1996; Kent and Hagemann, 1996; Mueller et al, 1996; Yeats et al., 
1996) (Fig. AS). However, the age of 2656±9 Ma dated for the Kanowna Belle 
Porphyry (96-634) is marginally older. The younger gold mineralization either took 
place in two separate episodes, at ca. 2656 and ca. 2630 Ma respectively, or started 
from ca. 2656 Ma and continued to ca. 2630 Ma, or the ca. 2656 Ma age represents 
partial resetting of ca. 2695 Ma zircons towards ca. 2630 Ma. However no matter which 
of the interpretations is correct, the younger mineralization event, which exhibits a style 
similar to typical lode gold mineralization in the Eastern Goldfields, is the more 
important event. 
Implications for gold mineralization in the Yilgarn Craton 
Constrains on the timing of mineralization are critical to understand the origin of 
Archaean gold deposits. It has been proposed by some workers that the principle gold 
mineralization occurred in a single event, which postdates major episode of extensive 
granitoid intrusion between ca. 2.69 and ca. 2.66 Ga (Hill et al., 1992; Nelson, 1997) 
and postdates or is synchronous with peak regional metamorphism and deformation at 
ca. 2.66 Ga (e.g., Nemchin et al., 1994), while the regional metamorphic thermal 
gradients were still in place (Barnicoat et al., 1991; Witt et al., 1997). The time range 
for lode gold mineralization in the Yilgarn Craton has been estimated by Solomon et al. 
(1994) to be between ca. 2.66 and 2.63 Ga. 
Mueller et al. ( 1996) reported an age of 2662±5 Ma for the primary gold 
mineralization at Big Bell deposit in the Murchison Province. This gives an evidence 
that some mineralization occurred ca. 30 Ma prior to the craton-wide mineralization 
episode in the Yilgarn Craton. Gold mineralization significantly older than ca. 2630 Ma 
has not been previously observed in the Eastern Goldfields and the Southern Cross 
Provinces. The older ca. 2.69 Ga mineralization at Kanowna Belle, predates peak 
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metamorphism and regional deformation in the Yilgarn Craton, but is broadly 
synchronous with the formation of the oldest felsic magmatism and the youngest 
greenstone sequence in the southern part of the Eastern Goldfields Province (Claoue-
Long et al., 1988; Pidgeon and Wilde 1990; Hill et al., 1992; Nelson, 1997). At least 
some of the older mineralization was reactivated at ca. 2.63 Ga, although the fraction of 
old gold in the ca. 2.63 Ga mineralization is uncertain. It may be significant that the 
Kanowna Belle deposit is located in a low strain zone (Ren and Heithersay, in press) 
and this may have allowed the early stage of gold mineralization to be preserved with 
minimal later remobolization. If this argument is correct, then multiple stage gold 
mineralization may have occurred in elsewhere in the Yilgarn Craton, but became 
obscured by later high strain deformation and associated fluid flow. 
The amount of gold contained in the porphyry clasts is trivial. If the gold in the 
clasts is unrelated to the early stage of mineralization at Kanowna Belle then the age of 
mineralization in these clasts is little more than a curiosity beyond showing that gold 
mineralization can occur as early as 2.69 Ga. On the other hand, if the arguments of 
(Ren and Heithersay, 1994 and in press; Das, 1996) are correct, and the gold in the 
clasts are cogenetic with the early stage of mineralization at Kanowna Belle, which 
contributes at least 35 percent of the gold in the deposit, then the ca. 2.69 Ga age dates 
a significant mineralization event. 
Ca. 2.69 Ga felsic rock hosted mineralization, a common denominator of the Yilgarn 
Craton and Superior Province? 
Most of the gold discovered in the Yilgarn Craton is hosted by mafic rocks whereas, 
in Zimbabwe and in the Abitibi Province of Canada, much of the gold is hosted by 
felsic rocks (e.g., Groves and Phillips, 1987; Groves and Barley, 1988; Groves and 
Foster, 1990; Kerrich and Cassidy, 1994; Solomon et al., 1994). Kanowna Belle 
represents the first discovery of significant gold mineralization hosted by felsic rocks in 
the Yilgarn Craton. This gives rise to the possibility that further discoveries will be 
made of gold hosted by such rocks. Here it is interesting to note that the age of the early 
gold mineralization at Kanowna Belle is similar to the age of primary mineralization for 
the Abitibi Province (Kerrich and Cassidy, 1994, and the references quoted). 
The discovery of ca. 2.69 Ga gold mineralization at Kanowna Belle extends the 
timing of gold mineralization from ca. 2.60 (at Mount Charlotte, Kent and McDougall, 
1995) to ca. 2.69 Ga. If the age of ca. 2.56 Ga of Kent and Hagemann (1996) for the 
mineralization at East Lode, Wiluna is also accepted, the total age range for gold 
mineralization events in the Yilgarn Craton is even greater. Although we see no reason 
to question the accepted view that most of the gold mineralization in the Yilgarn Craton 
occurred between ca. 2.62 and ca. 2.64 Ga, this study shows that significant gold 
mineralization occurred over at least ca. 90 and possibly as much as ca. 130 Ma. 
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FIG. A6. Diagrams of 207pb;206pb age distribution. The multiple components distinguished in the 
histograms and the synthesised distribution curves shown in the left column were determined by using 
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FIG. A7. Photomicrographs of characteristic zircons from 96-634, a sample of Kanowna Belle Porphyry. 
Shown in the first row are backscatter (BSE) images, and the second row cathodoluminescence (CL) 
images. The bottom row are photos taken under transmitted light. Grains 1, 6 and 7 show clear, 
structureless overgrowth upon zoned cores. The 2656±9 Ma age determined for this zircon population is 
interpreted as dating a metamorphic or metasomatic event. Grain 12 gives evidence that xenocrystic 
zircon occur as core of the main population of ca. 2694 Ma. The errors of the quoted ages is 10. The 
craters on the grains are the pits eroded during ion probe analyses. 
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FIG. A8. Comparison of the data obtained from this study (solid square) and the published ages (open 
square) determined for gold mineralization in the Yilgarn Craton. Sources of published data refer to text. 
Shaded area is the 2630±10 Ma pricipal period of gold mineralization in the Yilgarn Craton. 
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Table Al. SHRIMP U-Pb zircon data 
Site u Th Pb f206 207/206 age Disc. 
(ppm) (ppm) (ppb) (%2 208pb/206pb 206ptf238u 207ptf23su 207 Pb/206pb (Ma)±l CT (%) 
96-634 
inherited grains 
12.1 10 0.3 0 0.02 0.0753±70 0.3405±216 9.68±0.76 0.2061±790 2875±63 -34 
15.1 326 4 30 1.99 0.0039±116 0.0952±29 2.78±0.12 0.2118±53 2919±41 -80 
19.1 81 52 6 0.32 0.1915±36 0.5066±111 13.27±0.33 0.1899±17 2741±15 -4 
ca. 2.7 Ga group 
2.1 66 58 3 0.16 0.2449±28 0.5162±84 13.23±0.25 0.1859±14 2706±13 -1 
2.2 66 44 3 0.19 0.1890±34 0.5030±82 12.87±0.24 0.1856±15 2703±13 -3 
2.3 58 37 3 0.21 0.1831±32 0.5023±76 12.83±0.23 0.1853±15 2700±13 -3 
3.2* 250 77 28 0.73 0.1060±15 0.3123±32 7.92±0.09 0.1840±9 2689±8 -35 
4.1 * 159 45 50 2.28 0.0810±30 0.2794±20 7.04±0.08 0.1828±14 2678±13 -41 
5.1 56 38 2 0.16 0.2099±51 0.4468±64 11.48±0.23 0.1863±23 2710±20 -12 
5.2 86 79 12 0.63 0.2641±45 0.4470±50 11.25±0.19 0.1825±21 2675±19 -11 
8.1 91 38 2 0.08 0.1183±23 0.5099±58 12.97±0.19 0.1845±14 2694±12 -1 
9.1 82 52 3 0.17 0.1776±29 0.4985±64 12.86±0.20 0.1870±13 2716±11 -4 
11.1 96 44 16 0.90 0.1027±84 0.3862±135 9.71±0.43 0.1824±42 2674±38 -21 
11.2 96 34 2 0.11 0.0998±19 0.4715±46 11.90±0.15 0.1830±12 2680±11 -7 
12.2 92 34 8 0.43 0.1115±35 0.4426±102 11.29±0.29 0.1851±17 2699±15 -12 
13.2 89 28 2 0.07 0.0865±28 0.5348±111 13.44±0.32 0.1823±17 2674±16 3 
16.1 92 38 12 0.57 0.1198±37 0.4754±98 11.95±0.29 0.1824±19 2674±17 -6 
17. l 107 34 12 0.47 0.0908±26 0.5085±101 12.93±0.29 0.1844±14 2693±12 -2 
18.1 95 29 22 1.12 0.0950±46 0.4341±90 11.03±0.28 0.1842±24 2691±21 -14 
ca. 2.65 Ga group 
1.1 167 94 3 0.07 0.1572±19 0.4909±74 12.27±0.20 0.1813±9 2665±8 -3 
3.1* 231 100 16 0.44 0.1463±21 0.3361±31 8.34±0.10 0.1800±12 2653±11 -30 
6.1 81 23 5 0.25 0.0755±20 0.4941±49 12.30±0.16 0.1805±12 2658±11 -3 
7.1 133 44 2 0.08 0.1207±21 0.3907±128 9.72±0.34 0.1804±16 2656±15 -20 
10.1 69 36 5 0.27 0.1453±25 0.5054±94 12.46±0.25 0.1787±12 2641±11 0 
13.1 97 38 13 0.52 0.1046±30 0.5172±106 12.93±0.30 0.1814±14 2666±13 1 
14.1 150 55 16 0.50 0.0990±30 0.4506±97 11.11±0.26 0.1789±14 2643±13 -9 
96-635 
ca. 2.7 Ga group 
1.1 40 32 5 0.47 0.2232±72 0.5038±157 12.75±0.47 0.1836±31 2686±28 -2 
1.2 58 53 9 0.66 0.2492±67 0.4890±136 12.32±0.43 0.1827±33 2677±30 -4 
2.1 57 40 11 0.79 0.1848±75 0.5250±117 13.27±0.41 0.1833±34 2683±31 1 
2.2 125 105 13 0.43 0.2174±47 0.5035±104 12.79±0.31 0.1842±20 2691±18 -2 
4.1 31 13 4 0.51 0.1102±79 0.5137±138 13.07±0.49 0.1845±42 2694±38 -1 
7.1 29 15 2 0.32 0.1315±52 0.5359±195 13.71±0.57 0.1855±31 2703±28 2 
8.1 54 42 7 0.51 0.2085±48 0.4932±99 12.40±0.33 0.1823±27 2674±24 -3 
8.2 75 51 14 0.81 0.1909±69 0.4716±115 11.96±0.38 0.1839±31 2689±29 -7 
11.1 77 48 5 0.23 0.1517±88 0.5291±215 13.17±0.61 0.1805±31 2658±29 3 
16.1 66 40 10 0.61 0.1541±63 0.5135±113 12.97±0.34 0.1831±20 2682±18 0 
17.1 36 33 3 0.38 0.2382±54 0.5197±143 13.17±0.42 0.1837±24 2687±22 0 
17.2 39 30 1 0.14 0.2020±67 0.5042±125 12.99±0.41 0.1869±31 2715±28 -3 
18.1 33 16 8 1.02 0.1209±105 0.4907±166 12.24±0.57 0.1808±51 2661±47 -3 
19.1 68 50 2 0.14 0.1937±45 0.4905±124 12.48±0.36 0.1845±19 2694±17 -4 
20.1 72 59 1 0.05 0.2066±47 0.5188±104 13.27±0.32 0.1855±20 2703±18 0 
21.1 38 34 6 0.64 0.2515±127 0.4924±270 12.74±0.79 0.1876±43 2721±39 -5 
21.2 28 19 4 0.64 0.1785±72 0.4856±138 12.26±0.45 0.1830±36 2681±33 -5 
22.1 45 31 5 0.50 0.1725±84 0.4822±126 12.08±0.45 0.1817±44 2668±40 -5 
ca. 2.64 Ga group 
3.1 50 31 12 1.00 0.1572±110 0.4741±167 11.67±0.56 0.1785±50 2639±48 -5 
4.2 40 20 7 0.64 0.1251±57 0.5278±124 12.90±0.38 0.1773±26 2628±24 4 
5.1 103 127 11 0.41 0.3005±36 0.5289±100 13.14±0.28 0.1802±15 2655±14 3 
6.1 * 8 0.8 7 3.47 0.0088±323 0.5280±308 12.20±1.31 0.1675±139 2533±146 8 
9.1 103 99 5 0.20 0.2508±46 0.5326±88 13.03±0.25 0.1774±13 2629±12 5 
10.1 60 59 7 0.45 0.2411±93 0.5219±106 12.81±0.34 0.1780±26 2634±25 3 
12.1 133 48 10 0.31 0.0915±45 0.5195±111 12.83±0.31 0.1791±17 2645±16 2 
13.1 78 74 9 0.45 0.2399±52 0.5324±105 13.02±0.33 0.1773±24 2628±23 5 
14.1 44 39 6 0.55 0.2262±69 0.5139±129 12.65±0.40 0.1785±29 2639±27 1 
15.1 116 93 9 0.33 0.2145±49 0.4801±81 1 l.92±0.26 0.1800±23 2653±21 -5 
Table 1. (Continued). 
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Site u Th Pb f206 207/206 age Disc. 
(ppm) (ppm) (ppb) (%} 208pb/206pb 206Pb/23su 201Pbf23su 207 Pbf206pb (Ma)±l CT (%) 
96-636 
1.1 79 19 4 0.24 0.0696±86 0.4893±162 12.46±0.53 0.1847±42 2696±38 -5 
2.1 61 28 0 0.02 0.1300±23 0.5380±161 13.58±0.44 0.1831±16 2681±15 3 
3.1 45 31 8 0.65 0.1839±115 0.5361±205 13.39±0.70 0.1812±56 2664±52 4 
4.1 21 4 6 1.31 0.0290±142 0.4775±212 11.86±0.72 0.1802±66 2655±62 -5 
4.2* 174 88 110 3.49 0.1069±76 0.3631±95 9.08±0.31 0.1814±33 2665±31 -25 
5.1 54 17 21 1.71 0.0660±86 0.4640±199 11.23±0.57 0.1755±40 2611±38 -6 
6.1 78 88 6 0.34 0.3098±54 0.4964±128 12.74±0.38 0.1861±24 2708±21 -4 
7.1 62 34 1 0.07 0.1570±70 0.4905±225 12.54±0.66 0.1854±40 2702±36 -5 
8.1 * 128 37 16 0.57 0.0692±35 0.4494±182 11.51±0.50 0.1858±20 2705±18 -12 
9.1 * 180 132 74 2.05 0.1628±48 0.4102±124 10.37±0.35 0.1833±23 2683±21 -17 
10.1 21 6 0 0.00 0.0842±84 0.5262±316 13.52±0.91 0.1864±43 2710±38 1 
11.1 * 232 118 118 2.93 0.0886±74 0.3503±125 8.72±0.38 0.1805±39 2658±36 -27 
11.2* 217 166 175 8.45 0.1261±169 0.1819±43 4.72±0.23 0.1881±72 2726±65 -60 
12.1 69 67 12 0.72 0.2581±82 0.5053±173 12.88±0.54 0.1849±36 2697±33 -2 
13. l 37 22 6 0.67 0.1638±96 0.5128±216 13.46±0.69 0.1904±46 2745±40 -3 
14.1 47 34 9 0.82 0.1956±92 0.5043±153 12.78±0.50 0.1838±40 2687±37 -2 
15.1 37 28 7 0.76 0.1986±79 0.5000±222 12.84±0.65 0.1863±37 2710±33 -4 
16.1 76 48 13 0.76 0.1751±54 0.4811±174 12.33±0.50 0.1858±25 2706±23 -6 
17.1 54 16 1 0.06 0.0818±39 0.4941±144 12.24±0.40 0.1796±22 2649±21 -2 
17.2* 206 114 44 1.51 0.1403±58 0.2885±79 7.53±0.27 0.1894±40 2737±35 -40 
18.1 24 13 5 0.88 0.1499±136 0.5214±220 13.58±0.78 0.1889±61 2732±54 -1 
18.2 80 45 3 0.14 0.1595±93 0.5415±168 13.84±0.60 0.1853±56 2701±45 3 
19.1 32 11 0 0.02 0.0916±60 0.5328±224 13.55±0.70 0.1845±36 2694±41 2 
19.2* 172 126 67 4.91 0.1700±201 0.1558±150 3.90±0.44 0.1816±86 2668±81 -65 
20.l 46 36 0 0.02 0.2213±35 0.5047±141 13.07±0.40 0.1878±20 2723±17 -3 
21.1 44 27 7 0.59 0.1755±84 0.5216±172 13.16±0.56 0.1829±41 2680±38 1 
22.1 31 19 0 0.02 0.1696±97 0.5302±197 13.63±0.63 0.1864±44 2711±39 1 
23.1 35 20 1 0.09 0.1623±88 0.5137±185 13.40±0.59 0.1892±40 2735±35 -2 
24.l 28 8 5 0.64 0.0794±124 0.5361±238 13.56±0.78 0.1835±57 2685±52 3 
25.1 57 49 3 0.20 0.2381±56 0.5147±141 13.17±0.42 0.1855±25 2703±23 -1 
26.1 84 46 17 0.80 0.1461±64 0.5079±129 12.72±0.42 0.1816±32 2668±30 -1 
27.1 60 42 7 0.47 0.1918±47 0.5164±151 13.04±0.43 0.1832±22 2682±20 0 
28.1 54 47 8 0.55 0.2385±77 0.5297±164 13.50±0.51 0.1849±34 2697±30 2 
29.1 53 38 2 0.19 0.1970±63 0.5181±137 13.42±0.43 0.1878±28 2723±25 -1 
96-637 
ca. 2.7 Ga group 
1.2 49 24 0 0.02 0.1293±23 0.5170±108 13.21±0.31 0.1854±14 2701±13 -1 
5.1 100 59 6 0.23 0.1533±36 0.5143±147 13.08±0.41 0.1844±19 2693±17 -1 
5.2 104 60 4 0.15 0.1559±41 0.4923±141 12.56±0.41 0.1850±23 2698±70 -4 
6.1 38 20 7 0.80 0.1580± 130 0.4758±189 12.00±0.73 0.1829±75 2679±70 -6 
6.2 40 30 2 0.18 0.2200±99 0.4868±120 12.70±0.46 0.1893±44 2736±39 -6 
9.2 49 26 4 0.34 0.1469±60 0.4977±135 12.50±0.41 0.1822±26 2673±25 -3 
10.1 22 12 6 1.05 0.1556±145 0.5017±189 12.93±0.69 0.1868±63 2714±57 -3 
ca. 2.63 Ga group 
1.1 93 39 20 0.82 0.1096±62 0.5371±260 13.32±0.71 0.1799±32 2652±30 4 
2.1 49 25 10 0.81 0.1286±117 0.5216±168 12.72±0.59 0.1768±53 2623±51 3 
3.1 58 32 2 0.16 0.1602±94 0.5033±154 12.35±0.53 0.1779±46 2634±44 0 
4.1 40 26 3 0.26 0.1754±99 0.5182±352 12.29±0.94 0.1720±47 2577±46 4 
7.1 41 32 7 0.68 0.2085±96 0.4924±147 12.14±0.51 0.1789±47 2642±44 -2 
8.1 49 25 15 1.27 0.1140±65 0.4844±189 11.94±0.55 0.1787±35 2641±33 -4 
8.2 29 15 5 0.68 0.1475±84 0.4704±165 11.71±0.51 0.1806±40 2658±37 -6 
9.1 27 5 7 1.03 0.0406±87 0.4761±163 11.70±0.51 0.1782±42 2636±39 -5 
11.1 29 21 12 1.64 0.1953±102 0.5114±152 12.20±0.51 0.1730±45 2587±44 3 
Analyses are listed in groups. Those with asterisks are rejected outliers. All ratios involving Pb refer to 
radiogenic Pb. Quoted uncertainties (I CT) are the standard error of the mean and refer to the last digits. 
f2Q6 (%) denotes percent of common 206pb in the total measured 206Pb. Disc. (%) = (206pbJ238u age I 
207pb/235u age - l)* 100%. 
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Appendix B 
Sample preparation 
The sample preparation procedures include zircon isolation and hand picking, mounting 
and polishing, photographing, cleaning and gold coating. 
All zircons of the studied samples were extracted from their host rocks at RSES by the 
author and Rudowski R. (distinguished in Appendix B), and the sample mounts were 
made by the author with assistance of Massey K.. Bitmead J. took photomicrographs for 
some of the studied samples. To separate single zircon grains, 1 to 2 kg rocks were 
crushed using into small pieces of less than 2 millimetre in size, water-washed and then 
dried. The dried rock chips were further crushed to a powder using a swing mill. After 
passing through a 200 µm screen (disposable nylon mesh, 72#), the powders were 
water-washed to remove the fine dust and dried. The dried powder was then transferred 
into a separating funnel which contained heavy liquid of tetrabromoethane (C2H2Br4, 
p=2.96). The minerals heavy than 2.96 were collected at the bottom of the funnel, then 
thoroughly cleaned using acetone and dried. After magnetite was removed using a hand 
magnet wrapped in paper, the heavies were passed over a Franz isodynamic separator to 
remove hornblende, pyroxene and other magnetic minerals. The non-magnetic fraction 
was processed through heavy liquid methylene idoide (CH2I2, p=3.3) for a second time 
to further remove minerals lighter than 3.3. Samples with abundant pyrite were treated 
with acid to digest sulphides, and those with high concentrations of heavy minerals 
(p>3.3) were passed Franz isodynamic separator again to further concentrate the 
zircons. This time the magnet current was set at 1 A, and the lateral and down slope set 
at 2° and 20° respectively. Care was taken during each step to avoid cross-
contamination. However, this problem have been founded in a few samples, especially 
those from which very small number of zircons were isolated. In this case, even 
"correct" ages may be dated for few grains, the age must be interpreted with caution, 
because these grains are also susceptible to be contaminated. 
Zircons single crystals and fragments were hand picked from the final heavy mineral 
concentrate and aligned on an adhesive paper together with standard zircons. The 
zircons were then cast into an epoxy disc. Fine sandpaper was used to expose the 
zircons and to section them approximately in half. The surface of the epoxy disc was 
then polished on a nylon lap with 1 µm diamond paste. Photomicrographs were taken 
for the zircons using low magnification and reflected light only, to produce a 'map' of 
the grains to be used during analysis. Photos of individual grains taken under both 
reflected and transmitted light at high magnification, were used as a guide to select 
spots for analyses. The ideal sites for analysing are the areas which are clean, 
transparent, and devoid of radioactive damages and inclusions. For some samples, 
cathodoluminescence (CL) and backscattered electron (BSE) images of the zircons were 
taken to be used as a guide to select point for analysing, especially to identify inherited 
old cores and young overgrowth rims, and to interpret complex data sets. For some 
samples however, the zircons are old, their CL signals are generally weak, thus making 
the microstructures unapparent. 
Before samples were analysed by SHRIMP, the surface of the epoxy mount was cleaned 
using petroleum spirit, and then washed in detergent in an ultrasound bath and finally 
rinsed using Mili-Q purified water. The clean mount was placed in a 60° C oven for 
several hours to allow it to dry thoroughly prior to gold coating. Pure gold (99.9%) was 
used to coat the surface of the mount to prevent the build up of electrical charge during 
analyses. In order to minimise possible hydride interference, the samples were left under 
vacuum in the ion probe overnight. 
Appendix C 
Information of the dated samples from the Murchison and Southern Cross Provinces 
ANU Field Rock Strati- Sample Coordinates Approximate Age Basis of Age Determination 
No No Type graphic Type Field (Ma, ±2cr) 
Unit Location 
92-246* F25 intermediate Honman DRILL 32°17'S Maggie Hays 2921±5 20 near concordant areas of 11 individual grains with 64-559 ppm 
volcanic rock Forma- CORE 120°35'E proepect, U, 0-24 ppb 204pb, 204pbJ206pb < 0.0002, f206= 0.01-0.17%. 
ti on- Lake Johnston 
92-247* F26 felsic Honman DRILL 32°17'S Maggie Hays 2903±5 11 concordant and near concordant areas from 12 grains with 
volcanic rock Forma- CORE 120°35'£ proepect, 117-897 ppm U, 0-22 ppb 204pb, 204pbJ206pb < 0.0001, f206= 
ti on- Lake Johnston 0.10 -0.16%. 
An age of 2930±3 Ma was determined for inherited grains, and an 
age of 2856± 18 Ma was dated for a metamorphic event. 
92-382* MHOOl sandstone w DRILL 28°48'S Golden Grove 2809±5 25 concordant and near concordant areas from 10 grains with 41-
CORE 116°57'£ 315 ppm U, 0-16 ppb 204pb, 204pb/206pb < 0.0001, f206= 0.10 
-0.35%. 
Inherited grains were dated at 2945± 7 Ma. 
92-385* SC2 felsic Ga U/G 28°45'S Gossan Hill 2945±4 30 concordant and near concordant areas from 16 grains with 53-
volcanic rock 116°56'£ mine, Golden 947 ppm U, 0-62 ppb 204pb, 204pb/206pb < 0.0008, f206= 0.01 
Grove 
-1.04%. 
92-386* GG022 felsic Ga DRILL 28°47'S Scuddles mine, 2953±7 13 concordant and near concordant areas from 12 grains with 
volcanic rock CORE 116°58'£ Golden Grove 270-1081 ppm u, 0-30 ppb 204pb, 204pbJ206pb < 0.0002, f2o6= 
0.10 -0.21 %. 
92-388* SC079 felsic Ga DRILL 28°45'S Gossan Hill 2960±6 10 concordant and near concordant areas from 10 grains with 62- ~ 
volcanic rock CORE 116°56'£ mine, Golden 614 ppm U, 0-30 ppb 204pb, 204pbJ206pb < 0.0002, f206= 0.10 :g 
Grove 
-2.20%. ~ 
ti ·~ 
:<J 
ANU Field Rock Strati- Sample Coordinates Approximate Age Basis of Age Determination l<i IN 
No No Type graphic Type Field (Ma, ±2cr) 
Unit Location 
93-966 0206 external - SURF 21°44'S Between Cue 2637±8 12 concordant and 7 reversely disconcordant areas of 17 grains 
recrystallized 117°54'E and Mt Magnet with 253-788 ppm U, 35-825 ppb 204pb, 204pbf206pb < 0.0036, 
monzogranite f206= 0.33-5.44%. 
93-967* G207 Suite-I - SURF 27°3l'S SE of Cue 2686±4 11 concordant and 5 near concordant areas from 15 grains with 
granitoid 117°55'E 141-478 ppm U, 9-82 ppb 204pb, 204pbf206pb < 0.0008, f206= 
0.10 -1.36%. 
93-968 0208 biotite SURF 27°28'S SE of Cue 2617±24 The zircons underwent both ancient and recently Pb loss. 4 
granite 118°01 'E concordant areas from 4 grains with 496-915 ppm U, 32-99 ppb 
204Pb, 204pbf206pb < 0.0002, f2o6= 0.09-0.21 %. 
An inherited grain was dated at 2788±6 Ma. 
93-969 G209 Suite-I - SURF 27°30'S SE of Cue 2666±4 4 concordant areas from 3 individual grains with 464-949 ppm U, 
granite 118°04'E 5-14 ppb 204pb, 204pbf206pb < 0.0001, f206=0.04-0.09%. 
Inherited grains were dated between ca. 2770 and 2920 Ma. 
93-970* 0211 felsic Ga SURF 26°32'S SE of Mt Obal 2744±8 15 concordant areas from 13 grains with 102-206 ppm U, 0-56 
volcanic 1 l8°22'E Abbotts ppb 204pb, 204Pb1206pb < 0.0008, f2o6= 0.02-0.15%. 
rock greenstone belt One inherited grain gave a concordant age of 3499±32 Ma and 
three younger discordant ages between ca. 3080 and 3400 Ma. 
93-971 * 0212 felsic Ga SURF 26°32'S SE of Mt Oba! 2734±5 31 concordant and 2 near concordant areas from 31 grains with 
volcanic 118°22'E Abbotts 57-227 ppm U, 2-81 ppb 204pb, 204pb/206pb < 0.0013, f206= 
rock greenstone belt 0.07-2.30%. 
Inherited grains were dated between ca. 2860 and 2946 Ma. 
93-972 0214 leucocratic - SURF 26°34'S NW of 2309 4 analyses on 4 poor quality grains with 237-1299 ppm U and 
phase of 118°29'E Meekatharra to 2736 164-1040 ppb 204Pb, 204pb1206pb < 0.0062, f2o6= I.96-11.0%. ~ 
gneissic The best one gives an minimum age of 2736±30 Ma. :g 
granitoid ~ 
tl 
~ 
ICJ 
ANU Field Rock Strati- Sample Coordinates Approximate Age Basis of Age Determination n Iv.> 
No No Type graphic Type Field (Ma, ±2cr) 
Unit Location 
93-974 G216 shale w SURF 26°44'S SE of 2788±30 1 concordant and 9 discordant areas from 10 individual grains 
118°34 'E Meekatharra with 116-555 ppm U, 54-445 ppb 204pb, 204pb;206pb < 0.0052, 
f206=0.09-9.36%. 
93-975* G217 andesite w SURF 26°54'S W of Pole Ile 2810±5 13 concordant areas from 12 grains with 161-397 ppm U, 2-58 
1 l8°33'E Homestead ppb 204pb, 204pb;206pb < 0.0002, f2o6=0.03-0.81 %. 
93-976* G218 andesite w SURF 26°54'S W of Polelle 2815±7 4 concordant areas from 1 grains with 79-139 ppm U, 3-17 ppb 
118°33 'E Homestead 204pb, 204pb;206pb < 0.0003, f2o6=0.13-0.52%. 
93-977* G219 andesite w SURF 26°54'S W of Pole lie 2780±11 4 concordant areas from 3 individual grains with I 37-500 ppm U, 
ll8°33'E Homestead 25-65 ppb 204pb, 204pb;206pb < 0.0006, f206=0.19-0.96%. 
93-978* G220 felsic Ga SURF 26°53'S SE of Nannine 2714±10 I 6 concordant areas from I 0 grains with 63-158 ppm U, 4-47 ppb 
porphyry l I 8°22'E 204pb, 204pb;206pb < 0.0009, f206=0.26-2. l 3%. 
93-979* G221 felsic Ga SURF 26°53'S SE of Nannine 2716±10 9 concordant and 7 reversely discordant areas from 11 grains with 
porphyry ll8°22'E 50-176 ppm U, 8-26 ppb 204pb, 204pb/206pb < 0.0010, f206= 
0.28-1.84%. 
93-981 G223 Suite-I U/G 27°08'S West of Reedy 2605±10 8 concordant areas from 8 grains with 216-769 ppm U, 20-236 
granitoid 118°08'E pluton ppb 204pb, 204pb/ 206pb < 0.0011, f2o6= 0.12-1.97%. 
93-982* G224 external SURF 27°04'S Between Weld 2675±6 14 concordant and 2 near concordant areas from I 6 grains with 
granite 117°54 'E Range and 144-477 ppm U, 7-109 ppb 204pb, 204pb/206pb < 0.0012, 
Meekatharra- f2o6=0.20-2.12% 
Wydgee 
greenstone Belts 
93-983* G225 internal SURF 27°00'S Munarra Hill, 2745±27 3 discordant areas from 2 of the 5 poor quality grains gave the ;i,.. ~ Suite-I 1 l8°08'E NE of Cue 2785±50 ages. The old age is from an inherited grain. No interpretable age ~ granite 3125±12 was obtained for this sample \:::) 
~ 
("] 
ANU Field Rock Strati- Sample Coordinates Approximate Age Basis of Age Determination in 1-1'-
No No Type graphic Type Field (Ma, ±20) 
Unit Location 
93-984* G226 internal - SURF 27°00'S Munarra Hill, 2643±18 6 concordant areas from 5 grains with 43-543 ppm U, 26-150 ppb 
Suite-I 118°08'£ NE of Cue 204rb, 204rb;206rb < 0.0025, f2o6= o.57-4.52%. 
granite 
93-986* G228 felsic volcanic Ga SURF 27°13'S W attagee Hill, 2742±7 21 concordant areas from 19 grains with 69-342 ppm U, 0-32 ppb 
rock 117°52'£ NW of Cue 204rb, 204rb1206rb < 0.0009 f2o6= 0.02-1.52%. 
93-987* G229 felsic volcanic Ga SURF 27°13'S W attagee Hill 2742±4 29 concordant areas from 22 grains with 49-470 ppm U, 0-14 ppb 
rock 117°52'£ NW of Cue 204rb, 204rb1206rb < 0.0005, f2o6= 0.01-0.74%. 
93-989* G231 external SURF 27°l8'S Nof 2752±4 18 concordant areas from 17 grains with 86-435 ppm U, 6-22 
granitoid ll8°10'E Eelya pluton ppb 204rb, 204rb1 206rb < 0.0005, f2o6= 0.1 o-0.77%. 
93-990* G232 external SURF 27°19'S N of 2749±6 19 concordant areas from 19 grains with 101 -314 ppm U, 1-102 
granitoid 118°10'£ Eelya pluton ppb 204rb, 204rb1206rb < 0.0013, f2o6= 0.04-2.32%. 
93-991 G233 granitoid SURF 27°21 'S Eelya pluton 2747±6 23 concordant and 4 near concordant areas from 23 grains with 
118°10'£ (aplitic phase) 144-400 ppm U, 1-72 ppb 204rb, 204pb;206pb < 0.0009, f206 = 
0.02-1.62%. 
93-992* G234 internal SURF 27°32'S Southern part of 2699±7 13 concordant areas from 8 grains with 157-520 ppm U, 4-82 ppb 
granite 119°3 l 'E Gum Creek 204rb, 204rb;206rb < 0.0050, f2o6= 0.01-0.90%. 
greenstone belt 
93-993* G235 external SURF 27°26'S E of Gum 2638±10 10 concordant and 3 near concordant areas from 11 grains with 
granite 119°36'£ Creek 54-733 ppm U, 7-18005 ppb 204pb204pb;206pb < 0.0299, f2Q6= 
greenstone Belt 0.12-5.34%. 
Inherited agains were dated between ca. 2907 and 3671 Ma 
93-994* G236 internal DRILL 27°32'S Montague Au 2722±7 21 concordant areas from 21 grains with 72-379 ppm U, 8-38 ppb ;:i,. 
granite CORE 119°32'£ mine, Gum Creek 204rb, 204rb;206pb < 0.0010, f2o6= o.02-1.85%. 
:g 
greenstone Belt ~ 
t:l 
>< 
\) 
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ANU Field Rock Strati- Sample Coordinates Approximate Age Basis of Age Determination IQ 
No No Type graphic Type Field (Ma, ±2cr) 
Unit Location 
93-995* G237 rhyolite lower SURF 27°18'S Eastern side 2702±6 13 concordant and 3 near concordant areas froml3 grains with 
felsic l 19°33'E of Gum Creek 127-412 ppm U, 10-103 ppb 204pb, 204pb/206pb < 0.0011 
unit greenstone Belt f206= 0.17-1.90%. 
93-996 G238 felsic lower SURF 27°18'S Eastern side of 2652±14 7 concordant and 9 discordant areas of 15 grains with 104-513 
volcanic felsic l l9°33'E Gum Creek ppm u, 11-199 ppb 204pb, 204pbJ206pb < 0.0027, f2o6= 0.39-
unit greenstone belt 4.78%. 
Possible inherited grains were dated at 2722±14 Ma. 
93-997 G239 felsic upper SURF 21°23-s Eastern side of 2616±10 3 discordant areas from 2 grains with 173-745 ppm U, 1-185 ppb 
volcanic felsic 119°34 'E Gum Creek 204pb, 204pb/206pb < 0.0032, f206= 0.02-5.64%. 
unit greenstone belt One possible inherited again was dated at 2689±46 Ma 
93-998* G240 agglomeratic upper SURF 21°23-s Eastern side of 2643±16 3 concordant and 3 discordant areas of 2 grains with 172-216 
felsic volcanic felsic 119°34 'E Gum Creek ppm U, 9-149 ppb 204pb, 204pb/206pb < 0.0036, f206= 0.15-
rock unit greenstone belt 6.36%. 
A series ages (3124±20, 2965±21, 2852±21, 2728±48 Ma) were 
obtained for xenocrysts. 
93- G242 external - SURF 27°08'S Western side of 2682±8 14 concordant and 2 near concordant ares of 15 grains with 102-
1000* granite l l9°16'E Gum Creek belt 324 ppm u, 2-33 ppb 204pb, 204pbf206pb < 0.0004, f2o6= 
0.05-0.67%. 
Inherited grains were dated at 3124±82, 2908±52 and ca. 2767 
Ma. 
93- G244 felsic xenolith - SURF 21°20-s Eastern side of 2634±34 2 concordant areas of 2 grains with 119-205 ppm U, 18-30 ppb 
1002* in gabbro l 19°32'E Gum Creek 204Pb, 204Pb1206pb < 0.0004, f2o6= o.61-0.69%. 
greenstone belt Three contaminated grains were dated between 523 and 1910 Ma. 
;.:t.. 
93-1006 G248 melanocra- - SURF 27°58'S E of Sandstone, 2682±4 10 concordant areas from 9 grains with 89-458 ppm U, 4-105 ppb :g 
tic phase of l 19°25'E Gum Creek 204pb, 204pbJ206pb < 0.0011, f206= 0.07-1.96%. ~ layered gneiss greenstone Belt 0 ~ 
(") 
ANU Field Rock Strati- Sample Coordinates Approximate Age Basis of Age Determination IQ 
No No Type graphic Type Field (Ma, ±2a) 
Unit Location 
93-1007 G249 external SURF 28°01 'S Between 2648±8 6 concordant and areas from 5 grains with 54-620 ppm U, 6-266 
granite 119°41 'E Sandstone and ppb 204pb, 204pb/206pb < 0.0025, f206= 0.23-4.44%. 
Mt. Magnet Inherited agains were dated at 2904±12 Ma (la) and 2733±64 Ma 
(la). 
93- G250 external - SURF 28°08'S Eof 2668±8 20 concordant and areas of 15 grains with 70-210 ppm U, 4-54 
1008* granite 118°08'£ MtMagnet ppb 204pb, 204pb/206pb < 0.0006, f206= 0.12-0.98%. 
Inherited grains were dated at 2811±12 Ma. 
93- G251 chert w PC 28°03'S Old Matana/ 2794±14 11 concordant areas of 9 grains with 64-208 ppm U, 2-31 ppb 
1009* 117°50'E St George Au 204pb, 204pb/206pb < 0.0006, f206= 0.03-0.80%. 
Mine release, 2739±7 and 2659±12 Ma ages were dated for late stage 
MtMagnet metamorphism. 
93- - Felsic - DRILL 28°03'S Hesperus Open 2709±12 9 concordant and 11 discordant areas of 13 grains with 86-430 
1015* porphyry CORE 117°48'£ Pit, Mt Magnet ppm U, 3-505 ppb 204pb, 204pbf206pb < 0.0045, f206= 0.02-
8.02%. 
93-1019 TIDD felsic lower DRILL 27°08'S E of Gum 2752±26 2 concordant and one near concordant areas from the same grain 
05 volcanic felsic CORE 119°28'£ Creek with 58-136 ppm U, 25-83 ppb 204pb, 204pb/206pb < 0.0016, 
rock unit greenstone Belt f2o6= 1.62-2.95%. 
Two other grains (possibly contaminated) were dated at 229±8 
Ma (206pbf238u age). 
93- RHRC volcanogenic Ga PC 28°46'S Golden 2642±40 2 concordant and 4 near concordant areas of 6 grains with 417-
1120* 31 sedimentary 117°56'£ Grove 1125 ppm U, 17-189 ppb 204pb, 204pb/206pb < 0.0007, f206= 
rock 0.10-1.22%. 
The crystallisation age can not be determined. This age is 
interpreted to dated metamorphic event. Three other grains gave 1~ 
ages between ca. 2804 and 2894 Ma. :g 
~ 
ti 
I~ 
ANU Field Rock Strati- Sample Coordinates Approximate Age Basis of Age Determination in 1-...1 
No No Type graphic Type Field (Ma, ±2cr) 
Unit Location 
91-602* HWB granitic rock - PC 580965mE Hill 50 2639±13 7 concordant and 1 near concordant areas of 7 grains with 96-518 
-16 6900016mN water bore, ppm U, 17-56 ppb 204pb, 204pbJ206pb < 0.0008, f206= 0.16-
MtMagnet 1.36%. 
Inherited grains were dated at 2911±18 and 2797±30 Ma. 
Younger ages of 2526±36 and 2389±15 Ma were obtained for late 
stage metamorphism. 
96-007 Q18 Suite-II - SURF 26°15'24-"S Northern end of 2632±10 11 concordant areas from 10 grains with 368-776 ppm U, 22-577 
internal 118°22'55"E the Abbotts ppb 204pb, 204pb/206pb < 0.0049, f106= 0.18-5.21 %. 
granite greenstone belt 
96-008 Q50 tonalite - DRILL 638380E Abbotts 2697±6 3 concordant and 11 reversely discordant areas from 14 grains 
CORE 7058790N greenstone belt with 81-212 ppm U, 1-22 ppb 204pb, 204pbf206pb < 0.0004, 
f206= 0.06-0.56%. 
96-009 Q55 granophyre - SURF 27°46'18"S Dalgaranga 2592±26 9 concordant areas of 6 grains with 49-280 ppm U, 3-318 ppb 
117°20, 18"E greenstone belt 204pb, 204pb/206pb < 0.0035, f206=2.70-2.83%. 
96-119 Q32 felsic Go SURF 26°48'53"S Eof 2750±5 32 concordant areas of 25 grains with 90-442 ppm U, 1-17 ppb 
volcanic rock l18°19'12"E Murrouli Range 204pb, 204pb/206pb < 0.0006, f106= 0.01-1.07%. 
96-120 Q97 felsic w SURF 26°58'43,,S Weld Range 2752±9 10 concordant ares of 6 grains with 261-566 ppm U, 2-17 ppb 
volcanic rock 117°35 '24"E greenstone belt 204pb, 204pb/206pb < 0.0002, f206= 0.02-0.19%. 
Inherited grains were dated at 2927±9 and 3263±9 Ma. 
96-121 Q20 chert Go SURF 26°47'54"S Eof 2780±14 3 concordant areas of the same grain with 102-143 ppm U, 5-14 
118°20'16"E Murrouli Range 2602±29 ppb 204pb, 204pbJ206pb < 0.0002, f206= 0.22%-0.50%. 
2 concordant areas of an other grain gives an age of 2602±29 Ma. 
96-125 Q27 dolerite intruded SURF 26°48'26"S Eof 2792±5 14 concordant areas from 8 grains with 104-239 ppm U, 1-95 ppb ;:i:.. 
Go 118°20'53"E Murrouli Range 204pb, 204pb/206pb < 0.0015, f206= 0.01-2.66%. :g ~ 0 
I~ 
h 
ANU Field Rock Strati- Sample Coordinates Approximate Age Basis of Age Determination '() loo 
No No Type graphic Type Field (Ma, ±2cr) 
Unit Location 
96-128 Q45 rhyolite Ga SURF 26°38'11nS SE of 2812±7 15 concordant areas of 14 grains with 112-195 ppm U, 1-15 ppb 
118°30'49"'£ Meekatharra 204pb, 204pbJ206pb < 0.0003, f106= 0.02-0.48% 
96-129 Q87 internal SURF 26°54'53nS Wof 2759±7 26 concordant areas of 25 grains with 88-319 ppm U, 10-60 ppb 
granite 118°37'00"'£ Gabanintha mine 204pb, 204pbJ206pb < 0.0009, f206= 0.19-1.58%. 
96-130 Q85 chert Go SURF 26°14'36nS Andy Well, -30 3390±44 1 concordant area of one grain with 323 ppm U, 63 ppb 204pb, 
118°41'31"'£ km NE of 204pb/206pb = 0.0004, f206= 0.64%. 
Meekatharra 
96-131 Q115 felsic - DRILL 578170E N of Saturn open 2718±7 2 discordant areas of a single grain with 172-249 ppm U, 21-67 
porphyry CORE 6898175N pit, Mt Magnet ppb 204pb, 204pb/206pb < 0.0014, f106= 0.70-2.43%. 
96-135 Q46 felsic Ga SURF 26°5l '30"S Near Nannine 2710±6 17 concordant and 4 near concordant areas of 21 grains with 50-
volcanic rock 117°21'41"'£ 149 ppm U, 2-41 ppb 204pb, 204pb/206pb < 0.0007, f106= 
0.06-1.31 %. 
96-136 Qll9 quartz - SURF 641277E Bluebird mine, 2667±9 17 concordant and 2 near concordant areas of 16 grains with 76-
porphyry 7043080N SW of 182 ppm U, 9-308 ppb 204pb, 204pbJ206pb < 0.0039, f206= 
Meekatharra 0.36-6.89%. 
96-139 Q16 felsic tuff Ga SURF 26°32'41"S SE ofMtObal 2738±19 3 concordant and 3 near concordant areas of 4 grains with 57-124 
118°21'56"'£ Abbotts ppm U, 2-16 ppb 204pb, 204pbJ206pb < 0.0004, f106= 0.11-
Greenstone Belt 0.74%. 
96-623 Q15 felsic tuff Ga SURF 26°32'45"S SE ofMtObal 2750±9 28 concordant areas of 28 grains with 41-152 ppm U, 1-23 ppb 
118°21 '56"'£ Abbotts 204pb, 204pb/206pb < 0.0010, f106= 0.06-1.74%. 
Greenstone Belt 
l:i,. 
96-624 Q19b gneissic - SURF 26°3 l '15"S NW of 2644±13 The zircons underwent ancient lead loss. The ages obtained for 17 ::g 
recrystallised 118°28 'l 6"E Meekatharra grains fall into the range of 2283 to 2644 Ma. The oldest one is ~ 
monzogranite 2644±13 Ma. 0 
:>< 
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ANU Field Rock Strati- Sample Coordinates Approximate Age Basis of Age Determination kl 11.0 
No No Type graphic Type Field (Ma, ±2cr) 
Unit Location 
96-631 Q86 gabbro intruded SURF 26°55'53"S, Wof 2821±5 12 concordant areas of 11 grains with 77-180 ppm U, 2-6 ppb 
Ga 118°38 'OO"E Gabanintha mine 204pb, 204pb;206pb < 0.0002, f206= 0.02-0.32%. 
96-632 Q91 felsic Ga SURF 27°13'03"S W attagee Hill, 2738±4 25 concordant areas from 23 grains with 53-267 ppm U, 1-13 ppb 
volcanic rock ll7°52'1T'E NWofCue 204pb, 204pb;206pb < 0.0004, f206= 0.02-0.62%. 
96-633 Q93 felsic Ga SURF 26°58'14"S N side of 2976±4 32 concordant areas of from 26 grains with 62-330 ppm U, 1-53 
volcanic rock 1 l 7°3 l '38"E Weld Range ppb 204Pb, 204pb;206pb < 0.0005, f2o6= 0.02-0.89%. 
96-640 Q66 felsic tuff MF SURF 21°44'00-s Dalgaranga 2707±10 8 concordant areas from 8 grains with 223-748 ppm U, 2-6 ppb 
117°16'18"E greenstone belt 204Pb, 204pb;206pb < 0.00003, f2o6= 0.02-0.06%. 
An age of2995±14 Ma was obtained for 18 inherited grains. 
96-641 Q58 suite-I - SURF 27°46'06"S Dalgaranga 2733±7 13 concordant areas of 13 grains with 428-724 ppm U, 7-54 ppb 
granite 117°20'3T'E greenstone belt 204Pb, 204pb;206pb < 0.0003, f2o6=o.o5-0.40%. 
96-642 Q2 suite-II - SURF 29°34'48"S SWofMt 2616±8 25 concordant areas from 25 grains with 16-106 ppm U, 0-12 ppb 
granite 117°15'26"E Singleton 204pb, 204pb;206pb < 0.0012, f206= 0.02-2.00%. 
97-123 Q5 suite-II - SURF 29°01 '42"S S ofWydgee 2607±11 17 concordant areas from 17 grains with 32-200 ppm U, 0-14 ppb 
granite ll7°45'50''E 204pb, 204pb;206pb < 0.0005, f206= 0.02-1.08%. 
97-124 Q47 felsic - SURF 28°00'5 l "S Saturn open pit, 2735±8 19 concordant areas from 18 grains with 69-169 ppm U, 0-7 ppb 
porphyry 117°47'06-"E MtMagnet 204pb, 204pb;206pb < 0.0002, f206= O.oI-0.25% 
97-125 Q67 felsic tuff MF SURF 21°45-35-s Dalgaranga 2700±19 11 concordant areas from 9 grains with 174-976 ppm U, 1-7 ppb 
117°14'08-"E greenstone belt 204pb, 204pb;206pb < 0.0001, f206= 0.02-0.12%. 
An age of 2984±15 Ma was obtained for 5 inherited grains. 1:i:.. 
I~ 
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ANU Field Rock Strati- Sample 
No No Type graphic Type 
Unit 
97-126 Q68 felsic tuff MF SURF 
Notes: 
Coordinates Approximate 
Field 
Location 
27°45 '35--S Dalgaranga 
117°14 '08"E greenstone belt 
Age 
(Ma, ±2cr) 
2699±22 
Basis of Age Determination 
16 concordant areas from 16 grains with 54-1500 ppm U, 5-24 
ppb 204pb, 204pbf206pb < 0.0003, f106= 0.03-0.51 %. 
An age of 2981±15 Ma was obtained for 7 inherited grains. 
A zircon core gave concordant ages of 3217±20 and 3120±52 Ma. 
1. Include information of some samples for which reliable age determinations can not be made due to either limited number of zircons concentrated and thus analyses 
performed, or severe Pb loss of zirocns or both. These results are not reported in the text. 
2. Samples with prefix of96 and 97 were collected by the author and Campbell I.H., the rest by Campbell l.H. and the late Hill R. and Schiptte L.. Sample 96-136 was 
provided by Winnall N.J. of St Barbara Mines Limited. 
3. Zircon separation of the samples with asterisks were performed by R. Rudowski, and the rest by the author. 
4. Sample 92-246, 92-247, 92-382, 92-385, 92-386, 92-388 were analysed by Schiptte L.. Bitmead J. analysed 93-967, 93-975 and 93-995. These data were reprocessed 
by the author. 
5. Abraviations used for stratigraphic unit: Go - Golconda Formation, Ga - Gabanintha Formation, W - Windaning Formation, MF - Mount Farmer Group. Sample type: 
PC - percussion chips, SURF - surface sample, DRILL - drill core. 
6. Sample coordinates are either longitude-latitude or AMG coordinates. 
7. f206 denotes percent of common 206pb in the total measured 206Pb. 
1n 
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Dl APPENDIX D 
AppendixD 
Processed samples from which no zircons or baddeleyites were extracted 
ANUNo Field No Rock type Stratigra Coordinates Approximate field location 
-phic Unit 
93-937* mafic intrusion 27°08' Hill 50, Mount Magnet 
118°17' 
93-964* G204 chert w 28°04' St George's Pit, Mount 
117°50' Magnet 
93-973* G215 volcanic MF 28°50' northwest of Polelle Station 
sedimentary rock 118°29' 
93-980* G222 felsic volcanic Ga 27°08' east of Reedy mine 
118°17' 
93-988* G230 felsic volcanic Ga 27°13' W attagee Hill 
117°52' 
93-999* G241 granite 27°23' western side of Gum Creek 
119°34' greenstone belt 
93-1011 * G253 chert w 28°00' north of Hill 50, Mount 
117°48' Magnet 
93-1013* G255 felsic porphyry 28°02' Mars Pit, Mount Magnet 
117°48' 
93-1014* G256 chert w 28°03' Nathan pit, Mount Magnet 
117°50' 
96-122 Q21 chert Go 26°47'54N Murrouli Range 
ll8°20'06N 
96-123 Q37 andesite MF 26°49'00" northwest of Polelle Station 
118°29'41" 
96-124 Q39 andesite MF 26°50'15" as above 
118°31 'lON 
96-131 Qll5 felsic porphyry 6898176N drill core NEP 2-7, Neptune 
578170E open pit 
96-132 Q112 felsic porphyry 6898517N drill core Hill-50-504-22 
578029E 
96-133 Q36 conglomeratic MF 26°48'46,, northwest of Polelle Station 
andesite 118°29'51" 
96-134 Q42 granophyre 26°37'25" as above 
l l8°32'24N 
96-137 Q40 felsic volcanic w 26°37'21" south of Meekatharra airport 
rock 118°32 '22" 
96-138 Q43 chert w 26°36'59N as above 
118°32'18" 
96-624 Ql9a leucocratic dyke 26°31'15" between Abbotts and 
of a gneiss 118°28'16" Meekatharra- Wydgee 
greenstone belt 
96-627 Q6 gabbro 26°35'05" Abbotts greenstone belt 
118°20'19" 
96-628 QlO gabbro 26°34'24N as above 
118°19'56" 
D2 APPENDIX D 
ANUNo Field No Rock type Stratigra Coordinates Approximate field location 
-phic Unit 
96-629 Q13 gabbro 26°32' 46" Abbotts greenstone beltas 
118°21 '53" 
96-630 Q30 gabbro 26°48'51" above 
118°19'07" 
96-638 QlOO meta-sedimentary MF 26°57'41" Weld Range 
rock 117°46'36" greenstone belt 
96-639 Q95 chert w 26°58'45" as above 
117°35'32" 
96-640 QI 1 granite 26°33'10" west of Meekatharra 
118°15'43" 
97-127 HX009804 dolerite 6897900N Saturn Pit, Mount Magnet 
578255E 
97-128 HX009805 dolerite 6897840N as above 
578170E 
97-129 HX009806 dolerite 6898090N as above 
578150E 
97-130* 427254 felsic porphyry Kanowna Belle 
97-131* 427255 felsic porphyry as above 
Notes: 
1. Samples with prefix of 96 and 97 were collected by the author and Campbell I.H., the rest by 
Campbell I.H. and the late Hill R. and Schiotte L.. Samples 97-127, 97-128 and 97-129 were provided 
by Hayward N. of Western Mining Corporation. 
2. Zircon separation of the samples with asterisks were performed by R. Rudowski, and the rest by the 
author. 
3. Abbreviations used for stratigraphic unit: Go - Golconda Formation, Ga - Gabanintha Formation, W -
Windaning Formation, MF - Mount Farmer Group. 
4. Mafic rocks were processed using HF for extracting baddeleyites. 
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Geochronological constraints on the age of komatiites and 
nickel mineralisation in the Lake Johnston greenstone belt, 
Yilgarn Craton, Western Australia 
Q. WANG, L. SCHl0TTE* AND I. H. CAMPBELL 
Research School of Earth Sciences, Australian National University, Canberra, ACT 0200, Australia. 
SHRIMP U-Pb zircon geochronology has been carried out on two volcanic units from the Maggie Hays nickel 
prospect. A sample from the footwall to the komatiites that host the nickel mineralisation gives an age of 2921 ± 4 
Ma, whereas a sample from the hangingwall gives an age of 2903 ± 5 Ma. These results constrain the age of the 
primary nickel mineralisation and the host komatiites. 
Key words: geochronology, komatiite, Lake Johnston greenstone belt, mineralisation, nickel, SHRIMP, 
Western Australia, Yilgarn Craton, zircon. 
INTRODUCTION 
The Lake Johnston greenstone belt has had no previous 
geochronological study. It is located at the southern end 
of the Southern Cross Province of the Yilgarn Craton 
between the Forrestania greenstone belt to the west and 
the Norseman-Kalgoorlie greenstone belt to the east. 
Diamond drilling in the early 1980s led to the discovery 
of nickel sulfide mineralisation at the Maggie Hays nickel 
prospect. In this paper we report U-Pb SHRIMP ages for 
pyroclastic fclsic volcanic rocks from both the footwall 
and the hangingwall to the komatiite horizon at Maggie 
Hays. The ages obtained place tight constraints on both 
the age of the komatiites and the timing of primary nickel 
sulfide mineralisation. 
REGIONAL AND MINE GEOLOGY 
The supracrustal succession in the Lake Johnston green-
stone belt consists of three formations: the Maggie Hays, 
Honman and Glasse Formations (Gower & Bunting 1976). 
The Maggie Hays Formation is greater than 2400 m thick 
and is the stratigraphically lowest of the formations. It 
consists of mafic intrusive and extrusive and ultramafic 
extrusive rocks, with minor sedimentary rocks. The 
Honman Formation, which conformably overlies the 
Maggie Hays Formation, is composed of felsic volcanic 
rocks, banded iron-formation, mafic volcanic rocks and 
ultramafic extrusive rocks with a total thickness of 
between 600 and 1200 m. The Honman Formation is in 
turn conformably overlain by the Glasse Formation which 
consists of mafic extrusive and mafic and ultramafic 
intrusive rocks. It is at least 1500 m thick. These rocks 
have undergone mainly low-grade greenschist facies 
metamorphism, with almandine-amphibolite facies meta-
morphism developed locally, and have been intruded by a 
variety of granitoids. 
The samples dated are from the Honman Formation 
and were collected at the Maggie Hays nickel prospect 
located at the northern end of the greenstone belt where 
the structure is complex. Here the stratigraphy consists of 
a basal, porphyritic intermediate volcanic sequence over-
lain successively by komatiite, aphyric felsic rocks and 
banded iron-formation (Figure 1 ). The stratigraphic 
succession is believed to be west-facing based on the 
following observations: (i) the facing direction derived 
from the pillow basalts to the east of the Maggie Hays 
nickel prospect (Gower & Bunting 1976); and (ii) textural 
variation and fractionation trends based on drillhole 
logging, geochemical sampling and prospect-scale map-
ping (C. Perring pers. comm. 1995). Pegmatitic lenses are 
common within both the felsic volcanic unit and the 
porphyritic intermediate unit. Massive nickel sulfides 
occur at the sheared contact between the komatiite and 
the porphyritic intermediate volcanic rock and within the 
hangingwall felsic volcanic unit. The samples are from a 
diamond drillhole (91-1, AMG coordinates 6430568N, 
264680E; Figure I). 
ANALYTICAL PROCEDURES 
Zircons were concentrated using heavy-liquid and mag-
netic separation techniques, followed by hand picking. The 
separated grains were mounted in epoxy, sectioned 
approximately in half, then polished and gold coated 
before analysis by the SHRIMP I ion microprobe 
(Research School of Earth Sciences, Australian National 
University, Canberra). The primary 160 2_ ion beam was 
focused to a diameter of about 30 µm at the target. A chip 
of the standard zircon SL 13 (2°6Pb/238U = 0.0928, 206Pb/238U 
age= 572 Ma) was mounted together with the unknown 
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Geochronology of supracrustal rocks from the Golden 
Grove area, Murchison Province, Yilgarn Craton, 
Western Australia* 
Q. WANG, l. SCHl0TTEt AND I. H. CAMPBELL 
Research School of Earth Sciences, Australian National University, Canberra, ACT 0200, Australia. 
SHRIMP U-Pb zircon dating of four supracrustal rocks from the Golden Grove area of the Murchison 
Province shows the need for reassessment of the accepted stratigraphy of the greenstone sequence 
in this area. Three samples from the Gabanintha Formation give dates of 2960 ± 6 Ma, 2953 ± 7 Ma 
and 2945 ± 4 Ma. A sample from the overlying Windaning Formation yielded a date of 2809 ± 5 Ma 
which .cor~eJqtes with similar dates for the same formation in the Mt Magnet and Meekatharra areas 
within the province. The results indicate that there is a gap of -140 million years between the time 
of deposition of the Windaning and Gabanintha Formations making it inappropriate to assign both 
of these formations to the same group (Luke Creek Group). The data also constrajn the age of the 
stratabound Cu-Zn deposits in the Golden Grove area to lie between 2953 ± 7 Ma and 2945 ± 4 Ma. 
Key words: geochronology, Golden Grove, Murchison Province, SHRIMP, Yilgarn Craton, zircon. 
INTRODUCTION 
The Yilgarn Craton has been subdivided by Gee et al. (1981) 
into four major domains: the Western Gneiss Terrain and 
three granite-greenstone terrains of the Murchison, 
Southern Cross and Eastern Goldfields Provinces (Figure 
1). The Murchison Province is the westernmost of the three 
granite-greenstone terrains and includes several green-
stone belts that are surrounded by extensive recrystallised 
monzogranites and intruded by small- to medium-sized 
granitoids. Watkins and Hickman (1990a, b) recognised two 
supracrustal sequences within the Murchison Province: 
the lower Luke Creek Group and the unconformably over-
lying Mt Farmer Group. The Luke Creek Group consists of 
four formations that are believed to be continuous through-
out most greenstone belts in the province (Watkins & 
Hickman 1990a, b). From the bottom up these are the 
Murrouli Basalt, and the Golconda, Gabanintha and 
Windaning Formations. The Windaning Formation con-
sists of a succession of jaspilitic banded iron-formation and 
chert units interlayered with felsic volcanic, volcaniclastic 
and volcanogenic rocks with minor basalt. The underlying 
Gabanintha Formation is a bimodal succession that con-
tains ultramafic, mafic, felsic volcanic, volcaniclastic and 
sedimentary rocks. An age of ca 3.0 Ga has been determined 
for the Luke Creek Group, based on the geochronology data 
obtained from rocks and minerals from the Golden Grove 
area of the Warriedar Fold Belt (Baxter et al. 1983; Lipple 
et al. 1983; Baxter & Lipple 1985) which forms part of the 
Yalgoo-Singleton greenstone belt (Watkins & Hickman 
1990a, b). In this study we report SHRIMP U-Pb zircon ages 
for four samples from the Luke Creek Group supracrustal 
rocks from the Golden Grove area. The new data constrain 
the age of the Luke Creek Group of supracrustal rocks in 
the Golden Grove area, and the timing of the Scuddles 
massive-sulfide Cu-Zn mineralisation. 
GEOLOGICAL SETTING 
The geology of the Warriedar Fold Belt was studied dur-
ing regional geological mapping by Muhling and Low 
(1977), Baxter et al. (1983), Lipple et al. (1983) and Baxter 
and Lipple (1985) and the detailed geology of the Golden 
Grove area is described by Frater (1983), Clifford (1987, 
1988), Ashley et al. (1988), Clifford and Cas (1990), Clifford 
et al. (1990), Watkins and Hickman (1990a, b) and Clifford 
(1992). Clifford (1992) summarised the relationships 
between the subdivisions of the supracrustal successions 
proposed by the different authors. In this paper we adopt 
the terminology of the groups and formations of Watkins 
and Hickman (1990a, b) when discussing the supracrustal 
rocks of the Murchison Province on a regional scale, but 
the terminology of Clifford et al. (1990) and Clifford (1987, 
1988, 1992) for the detailed subdivision of the Gabanintha 
Formation in the Golden Grove area (Figures 2, 3). 
The stratigraphic units recognised near Golden 
Grove are the Mt Farmer Group, and the Windaning and 
Gabanintha Formations of the Luke Creek Group. Two 
major unconformities have been identified (Figure 2): one 
is between the Mt Farmer Group and the underlying 
Windaning Formation (Baxter et al. 1983; Frater 1983; 
Lipple et al. 1983; Clifford 1987, 1988; Watkins & Hickman 
1990a, b); and the other is between the Windaning 
Formation and the underlying Gabanintha Formation 
(Clifford 1987, 1988). The Windaning Formation in the 
*Table 1 [indicated by an asterisk (*) in the text and listed at the 
end of the paper] is a Supplementary Paper lodged with the 
National Library of Australia (Manuscript Section); copies may 
be obtained from the Business Manager, Geological Society of 
Australia. 
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Golden Grove area has a maximum thickness of 1 km and 
is dominated by tholeiitic and high-Mg basalts with minor 
ultramafic rocks, banded iron-formation and felsic vol-
canogenic sedimentary rocks (Watkins & Hickman 1990a). 
The Gabanintha Formation has been locally subdivided 
into six informal units (from the bottom up): (i) Shadow 
Well Unit; (ii) Gossan Valley Unit; (iii) Golden Grove Unit; 
(iv) Scuddles Unit; (v) Cattle Well Unit; and (vi) a succes-
sion of mafic volcanic and volcaniclastic sedimentary rocks 
(Clifford 1987, 1988, 1992; Clifford & Cas 1990; Figure 2). 
Clifford (1987, 1988, 1992) further subdivided units (ii) to (iv) 
into unnamed members (Figure 3). The Gabanintha 
Formation at Golden Grove has an approximate thickness 
of 2.5 km (Watkins & Hickman 1990a). It is dominated by 
Local ion Plan 
7• 
29° 
felsic and intermediate volcanics, felsic volcaniclastics and 
chemical sediments. The Scuddles and Gossan Hill vol-
canogenic massive-sulfide deposits (Ashley et al. 1988; 
Clifford et al. 1990; Mill et al. 1990; Frater 1993) occur in the 
upper part of the Golden Grove Unit (Figures 2, 3). The 
stratigraphic units in the Golden Grove region have under-
gone mainly greenschist facies metamorphism (Baxter et 
al. 1983; Frater 1983; Lipple et al. 1983; Baxter & Lipple 1985; 
Mill et al. 1990). 
PREVIOUS GEOCHRONOLOGY 
Geochronological data for the Murchison Province ob-
tained prior to 1990 have been summarised by Watkins and 
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[TI] Post - folding granitoids (suite-II) 
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fied from Watkins & Hickman 
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within Yilgarn Craton of Western 
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Terrain; M, Murchison Province; 
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Hickman (1990a). Reported dates are mainly for the 
Gabanintha Formation and were determined by using con-
ventional U-Pb zircon dating, galena and pyrite Pb-Pb 
model ages and by the whole rock Sm-Nd isochron method. 
With the exception of one U-Pb zircon date of 2952 Ma 
obtained by Pidgeon (1986), all of the other dates lie 
between 3052 and 2976 Ma. Based on these data, an age of 
ca 3.0 Ga was assigned to both the Gabanintha Formation 
and the Luke Creek Group (Watkins & Hickman 1990a, 
Watkins et al. 1991; Wiedenbeck & Watkins 1993). Pidgeon 
and Wilde (1990) reported a 2938 ± 10 Ma conventional 
zircon date for a rhyolite from the Gossan Valley Unit near 
Golden Grove. This date was revised by Pidgeon et al. (1994) 
who reported 18 analyses of zircon fractions from the same 
sample and from a dacite from the Scuddles Unit that gave 
apparent ages between 2957 and 2951 Ma. We believe that 
these data are the most reliable estimates of the age of the 
Gabanintha Forn;i.atipn ii} the Golden Grove area. 
Some dates have been reported for the Windaning 
Formation. Schi0tte and Campbell (1996) obtained SHRIMP 
U-Pb apparent ages of 2810 ± 19 and 2798 ± 8 Ma for zircons 
from the Galtee Moore and the Warramboo Cherts, mem-
+ + + + + + 
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bers of the Windaning Formation in the Mt Magnet area. 
Three andesites and a shale from the Meekatharra area 
were dated at ca 2.8 Ga (Wang et al. 1996). These dates raise 
the possibility of an unconformity between the Gabanintha 
and the Windaning Formations in which case the 
Windaning Formation cannot be part of the Luke Creek 
Group. The Windaning Formation has not been dated near 
Golden Grove. 
The deposition age of the Mt Farmer Group was sug-
gested to be ca 2.8 Ga based on the 2818 ± 57 Ma mineral and 
whole-rock Sm-Nd isochron date (Watkins & Hickman 
1990a). However, recent data indicate that rocks assigned 
to this group in the Mt Magnet area have an age of ca 
2. 7 Ga (Schi0tte & Campbell 1996). 
ANALYTICAL TECHNIQUES 
The zircons analysed in this study were extracted from 
1-2 kg of rock using heavy liquids and magnetic separation. 
After hand-picking, the zircons were placed in epoxy discs 
together with chips of the Australian National University · 
~-
~· 
+ + + + + + + + 
Figure 2 Sketch geological 
map of Golden Grove with mine 
grids and the sample localities 
indicated (modified from 
Clifford et al. 1990). Sample 
92-382 is -2.5 km southwest of 
Gossan Hill. 
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standard zircon SL13 which has an independently deter-
mined age of 572 Ma (Compston et al. 1984; Roddick & Van 
Breemen 1994). Analyses of the standard were interspersed 
with the unknowns at regular interval as the basis for data 
calibration. U-Th-Pb isotope ratios and absolute abun-
dances were determined using SHRIMP. Further details of 
the analytical procedures are given by Compston et al. (1984) 
and Williams and Claesson (1987). Only the least isotopic-
ally disturbed sites in zircons in a given population were 
used to determined the age of that population. These sites 
were chosen according to the following criteria: low com-
mon lead contents (e.g. the percentage of non-radiogenic 
206Pb in the total measured 206Pb, expressed as fzos); high con-
cordancy (2°6Pb/238Pb age : 207Pb/2°6Pb age close to 1.0); and 
207Pb/206Pb ages that are statistically indistinguishable 
from the mean age. The statistical outliers were determined 
based on the deviations of the individual 207Pb/206Pb ages 
from the weighted mean. After rejecting obvious outliers, 
the weighted mean and standard deviations of the 
207Pb/206Pb age of remaining analysed sites were calculated. 
Those falling more than 2a from the mean were rejected 
until a mean was obtained with no outliers at the 2a level. 
Correction of common lead was made for the unknowns 
using the observed 204Pb and the common lead ratios of 
Cumming and Richards (1975) at the estimated age of the 
sample. Decay constants of U, Th, Pb and isotope compo-
sitions used in this study were those recommended by the 
IUGS Subcommission on Geochronology (Steiger & Jager 
1977). The quoted uncertainties of the ages in the text are 
at the ta or 95% confidence. The analytical data are listed 
in Table 1*. 
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CATTLE WELL UNIT 
900-1450 m. (Polymictic volcanogenic sediments with minor 
basalts) 
SCUDDLES UNIT 
Member 4. 510-700 m. (Upper feldspathic lavas and sediments) 
Member 3. O - 60 m. 
Member 2. O - 330 m. 
Member 1. 0 - 40 m. 
Member 6. O - 180 m. 
(Upper Andesitic sediments) 
(Upper quartz porphyry, dacite lavas and 
sediments) 
(Upper Andesite lavas) 
GOLDEN GROVE UNIT 
(Mineralised horizon) 
Member 5. O - 120 m. (Lower vitric sediments) 
Member 4. 75 - 140 m. (Lower quartz-rich and vitric sediments) 
HILL - Member 3. O - 100 m. (Lower pumiceous and quartz-rich sediments) 
Member 2. O - 90 m. (Lower andesitic lavas and sediments) 
------------i 
-------------1 
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Member 1. 10 - 170 m. (Lower quartz-rich sediments) 
GOSSAN VALLEY UNIT 
Member 4. 50 - 660 m. (Lower andesitic and pumiceous sediments) 
Member 3. 30 - 205 m. (Lower quartz-rich lavas and sediments) 
Member 2. O - 190 m. (Lower dacite lavas and sediments) 
Member 1. 95 - 380 m. (Lower mafic fragmentals) 
SHADOW WELL UNIT 
> 670 m. (Basal quartz arenites) 
GRANITOID INTRUSIVES 
Figure 3 Stratigraphic column 
of part of the Gabanintha Form-
ation in the Golden Grove area 
(modified from Clifford 1987, 
1992) showing the stratigraphic 
position of samples 92-386, 92-388 
and 92-385. 
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Figure 4 Concordia plots of the analysed samples. Individual analyses are shown with lrr error bars. The black ones with their labels 
identified are rejected outliers when calculating the ages for the rocks. (a) Felsic volcanogenic sedimentary rock, Windaning Formation. 
(b) Felsic volcanic rock from Scuddles Unit, Gabanintha Formation. (c) Felsic volcanic rock from Golden Grove Unit, Gabanintha 
Formation. (d) Felsic volcanic rock from Gossan Valley Unit, Gabanintha Formation. 
ANALYTICAL RESULTS 
Sample 92-382 (28°48'S, ll6°57'E) is a reworked volcanogenic 
sandstone from the sedimentary succession at the base of 
the Windaning Formation. It is composed mainly of angu-
lar and poorly sorted quartz grains with silicic rock frag-
ments and fine-grained mica-iron oxide matrix. The 
zircons are pink and generally clear with euhedral crystal 
faces and somewhat rounded edges. Zoning is not well 
developed. Thirty-three analyses were carried out on 17 
grains. Two groups of zircon are observed. (Table 1 *;Figure 
4a). A date of 2809 ± 5 Ma was determined from 25 concor-
dant analyses of 10 grains of the dominant group, and a 
2945 ± 7 Ma date from 7 other grains. There are no distinc-
tive morphological differences between the zircons from the 
two groups. Within the analytical uncertainties, the date 
of 2809 ± 5 Ma are indistinguishable with the dates obtained 
for the Windaning Formation elsewhere in the province 
(Schi0tte & Campbell 1996; Wang et al. 1996) and is inter-
preted as the deposition age of the rock. The date of 2945 
± 7 Ma, which is identical to the 2945 ± 4 Ma age inferred 
below for the underlying Scuddles Unit (92-385), is inter-
preted as dating debris of that unit. 
Sample 92-385 (28°45'S, ll6°56'E) is a rhyodacite collected 
from Member 2 of Scuddles Unit (Figure 3) at the Scuddles 
Mine. This unit is dominated by rhyodacitic and andesitic 
lavas with associated autoclastic breccias, minor chemical 
sediments and volcaniclastic rocks. The rock unit from 
which the sample was collected is a few metres above the 
sulfide mineralisation at the top of the Golden Grove Unit. 
The rock is composed of quartz phenocrysts in a ground-
mass of cryptocrystalline quartz and feldspar that is par-
tially altered to chlorite and sericite. The extracted zircons 
are clear to light pink in colour with rare mineral inclu-
sions. They are generally prismatic with slightly rounded 
edges and show oscillatory zoning. A date of 2945 ± 4 Ma, 
obtained from 30 concordant analyses carried out on 16 
individual grains (Table 1 *; Figure 4b ), is interpreted as the 
best estimate of the crystallisation age of this rock. The 
2891 ± 6 Ma date yielded from site 1.2 was readily rejected 
because it is distinguishable from the weighted mean age 
of the main group zircons. 
Sample 92-388 (28°45'S, ll6°56'E) was collected from the 
mineralised horizon, Member 6 of the Golden Grove Unit 
(Figure 3). This unit is composed of rhyolitic to dacitic 
pyroclastic volcanogenic sediments, with minor andesitic 
and rhyodacitic lavas and chemical sediments. The dated 
sample is a rhyolite with quartz phenocrysts and dissemi-
nated pyrite. Most of the zircons are prismatic in habit, 
pink in colour, with some mineral inclusions. They are gen-
erally subhedral with rounded prismatic terminations 
and are devoid of internal zoning. Fourteen analyses were 
performed on 13 grains. A date of 2953 ± 9 Ma was deter-
mined from all of the data. Eight concordant analyses gave 
a date of 2960 ± 6 Ma. This is suggested to be the best esti-
mate age for the rock. One reversely disconcordant analy-
sis (13.1) and three statistical outliers (3.1, 5.1, 13.2) were 
rejected when calculating this date (Table 1*; Figure 4c) 
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Sample 92-386 (28°47'S, 116°58'E) was collected from a 
quartz-rich lava within Member 3 of Gossan Valley Unit 
(Figure 3). The rock has quartz phenocrysts, with re-
crystallised granophyric quartz, chlorite and sericite in the 
groundmass. The zircons are yellow to light pink in colour, 
subhedral to euhedral in habit, with only slight rounding 
of their prismatic terminations and oscillatory internal 
zoning. A total of 19 grains were analysed. All the analy-
ses, except two (3.1, 5.1) with distinguishable 207Pb/206Pb 
ages from the others, gave a date of 2947 ± 9 Ma. A date of 
2953 ± 7 Ma yielded from 13 concordant analyses is inter-
preted as the best estimate of the crystallisation age of this 
rock. Two disconcordant analyses (3.1, 19.1) and four 
statistical outliers (2.1, 5.1, 9.1, 11.1) were rejected when 
calculating this date (Table 1 *; Figure 4d). 
DISCUSS10N · · - -
The ages obtained are in good agreement with Pidgeon et 
al.'s (1994) conventional U-Pb dates of 2957 to 2951 Ma for 
Member 3 of the Gossan Valley Unit and Member 1 of the 
Scuddles Unit, but are 50 million years younger than esti-
mates for the age of the Gabanintha Formation by Watkins 
and Hickman (1990a, b), based on earlier geochronology 
(Fletcher et al. 1984; Pidgeon 1986; Browning et al. 1987; Dahl 
et al. 1987). The Cu-Zn deposits in the Golden Grove area 
are stratabound (Frater 1983; Ashley et al. 1988). The tim-
ing of the proximal volcanism is believed to be related to 
the formation of mineralisation (Clifford & Cas 1990), 
which has been dated at ca 3.0 Ga (Pb-Pb model ages: 
Fletcher et al. 1984; Browning et al. 1987). The data obtained 
from this study constrain the Cu-Zn mineralisation to lie 
between 2953 ± 7 Ma and 2945 ± 4 Ma. 
The date of 2808 ± 5 Ma obtained for the Windaning 
Formation at Golden Grove agrees with the ages obtained 
for this formation at Mt Magnet, -120 km to the northeast 
of Golden Grove (Schieitte & Campbell 1996) and in the 
Meekatharra area at the northeastern end of the province 
(Wang et al. 1996). Watkins and Hickman (1990a, b) included 
both the Windaning and Gabanintha Formations in the 
Luke Creek Group. As noted earlier, Clifford (1987, 1988) 
reported an unconformity between the Gabanintha and the 
Windaning Formations in the Golden Grove area. The cur-
rent work shows that the time gap represented by that 
break is -140 million years. It is clearly inappropriate to 
include the Windaning Formation in the Luke Creek Group 
and this study provides further support for the suggestion 
of Schieitte and Campbell (1996) that the stratigraphic 
package mapped as the Windaning Formation should be 
elevated to the status of a group. 
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Granite-Greenstone Zircon U-Pb Chronology of the Gum Creek 
Greenstone Belt, Southern Cross Province, Yilgarn Craton: Tectonic 
Implications 
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SHRIMP U-Pb zircon dating was carried out on the supracrustal rocks and 
granitoids in the Gum Creek greenstone belt, Southern Cross Province of the 
Yilgarn Block, for which no previous geochronology is available. An age of 
ca. 2.7 Ga was obtained for the dominantly felsic part of the greenstone 
sequence. It clearly indicates that at least the upper units of the sequence in 
this greenstone belt do not correlate with the ca. 2.9 to ca. 3.0 Ga lower 
greenstone sequences recognised in both the adjacent Murchison Province 
and the southern part of the Southern Cross Province. However, the lower 
tholeiitic basalt and BIF dominant units, which are probably unconformably 
overlain by the ca. 2.7 Ga component, may have an age of ca. 2.9 to ca. 3.0 
Ga. Two pre- to syn-kinematic granitoids were dated at 2722±7 Ma and 
2699±7 Ma. The ages obtained for two post-kinematic granitic intrusions are 
2682±8 Ma and 2638±10 Ma. The observation of xenocrystic zircons from 
granites as old as ca. 3.6 Ga indicates that the magmas derived from melting 
of a pre-existing sialic crust. 
IN1RODUCTION 
The Gum Creek greenstone belt is located at the northern 
end of the Southern Cross Province, Yilgarn Block, and 
separated from. other greenstone belts in the adjacent 
Murchison and Eastern Goldfields Provinces by extensive 
granitoid intrusions (Figure I). The Southern Cross 
Province was interpreted to be a distinct granite-greenstone 
province [Gee et al., 1981], yet the boundaries between it 
and the other provinces are still imprecisely defined. 
Although some geochronology has been carried out in the 
central part of this province, none is available for the Gum 
Creek greenstone belt in the north of the province. Thus 
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the relationship between it and other greenstone belts, in 
the Southern Cross, Murchison and Eastern Goldfields 
Provinces, is unclear. 
This paper presents the results of the first 
geochronological study of the supracrustal rocks and 
granitoids in the Gum Creek greenstone belt using the 
SHRIMP - I ion probe at the Research School of Earth 
Sciences, Australian National University. These data, 
combined with previous geochronology data, allow a 
comparison between this and some other greenstone belts 
in the Yilgarn Block, to be discussed. 
GENERAL GEOLOGY 
The elongate to arcuate greenstone belts in the Southern 
Cross Province have a dominant north-northwest trend 
parallel to the regional fault system, and are surrounded and 
intruded by extensive granitoids. Metamorphism within the 
province varies from· prehnite-pumpellyite to granulite 
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Figure 1. Simplified geology of Gum Creek greenstone belt, showing the approximate localities and ages of 
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Gum Creek greenstone belt (W - Western Gneiss Terrain, M - Murchison Province, S - Southern Cross Province, E 
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Griffin, 1990). (b) Stratigraphic column of the Gum Creek greenstone belt summarised by Beeson et al. (1993). 
facies with the higher grades predominant in the south [Gee 
et al., 1981; Solomon et al., 1994]. Gee et al. [1981] 
proposed a generalised greenstone sequence for the Southern 
Cross Province, consisting of a basal quartzitic unit 
overlain by a lower mafic unit, which in turn is 
unconformably overlain by a volcanogenic sedimentary 
unit. Griffin [ 1990] reviewed the regional geology of the 
Southern Cross Province and divided the stratigraphy into 
two greenstone sequences (Figure 2a): a lower mafic and 
ultramafic sequence dominated by tholeiitic basalts and an 
upper sequence composed of calc-alkaline volcanic and 
elastic sedimentary rocks, which is best developed in the 
Diemals - Marda area in the central part of the province 
[Hallberg et al., 1976; Chapman et al., 1981; Bickle et al., 
1983]. 
The geology of the Gum Creek greenstone belt has been 
described by Tingey [ 1985] and Otterman [ 1990], and is 
summarised by Beeson et al. [1993]. It has a NNW trending 
synclinal structure [Elias et al., 1982]. Some faults and 
joint sets, which are subparallel to the synclinal axis, were 
inferred from the aeromagnetic and sate Iii te images 
[Otterman, 1990; Figure 1]. The greenstone belt is 
subdivided by Beeson et al. [ 1993] into five volcano-
sedimentary stratigraphic units of felsic and mafic volcanic 
rocks (Figure 2b ). This subdivision is based on the 
supracrustal rocks of the eastern flank of the greenstone 
belt, where the best outcrops occur and where all five units 
are presented. The greenstones have undergone dominantly 
greenschist facies metamorphism. The felsic volcanic and 
sedimentary rocks, which host the Gidgee gold deposit, are 
generally poorly exposed and deeply weathered [Tingey, 
1985; Otterman 1990]. 
ANALYTICAL METHOD 
Following crushing and screening of -1.5 kg rock, 
zircons were extracted using conventional heavy liquid and 
magnetic techniques. After hand picking, the zircons were 
mounted in epoxy together with the Australian National 
University standard SL13 (572 Ma; 206pbf238U=0.0928, 
238 ppm U). The mounts were sectioned and polished to 
expose .ue interiors of grains. U-Th-Pb measurements were 
made using the SHRIMP - I ion microprobe. Negative 
oxygen primary beam was used to sputter material from the 
surface of analysed single zircon grain. Secondary ions of 
interest, including Zr20+, 204Pb+ background, 206Pb+, 
207pb+, 2ospb+, 23su+, ThO+ and uo+, were measured by a 
single collector by cyclically stepping the magnet through 
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the masses. For individual analysed sites, five scans were 
performed. 
The isotopic ratios of the unknowns and their 
uncertainties were calculated based on the analyses of the 
standard undertaken at regular intervals. 201pb/206pb 
calculation and common Pb correction procedures are those 
presented by Compston et al. (1984). The 206pbf238U ratio 
and absolute U content of the unknowns were referenced to 
the values of standard SL 13 respectively. 207pbf235U ratio 
was calculated based on the determination of 206pbf238U, 
207Pbf2°6Pb and present day 238U/235U ratio valued at 
137.88. Once the U content of the unknown is determined, 
the Th and Pb absolute abundances are calculated from the 
measured Th/U and Pb/U ratios. The uncertainties of the 
isotopic ratios and. efol:nental abundances are highly 
dependent on the accuracy achieved for the measurement of 
the reference standard. Further details of the SHRIMP 
analytical procedures and assessment of data are given by 
Compston et al. [1984], Roddick and Van Breemen [1994] 
and Claoue-Long et al. [1995]. 
Unless stated, the quoted ages in the text are weighted 
means of 207Pb/206Pb ages (at ±2c; or 95% confidence) 
derived from the least disturbed sites in grains of the same 
zircon population. The ages of individual zircon 
populations in complex data sets, were determined using a 
combination of cumulative probability plots of 
207Pb/206Pb ages and the Mix program of Sambridge and 
Compston [1995]. Only near concordant analyses with 
indistinguishable 207Pb/206Pb and low common 206pb 
values were included in the calculation of the mean ages of 
populations. Xenocrysts with ages greatly older than the 
crystallisation age, are easily recognised by this method. 
Zircons, with ages younger than the crystallisation age, 
could represent part of the main population of zircons that 
underwent early Pb loss, or new grains or parts of grains 
that crystallised at younger ages. Those which are greater 
than 100 Ma younger than the crystallisation age, are 
obvious outliers. When the age difference is small, the 
approach followed by Schi¢tte and Campbell [1996] was 
used to identify the outliers. 
The common Pb ratios used in the age calculation are 
those of Cumming and Richards [1975] at the estimated 
ages of the rocks. The decay constants of U and Th and 
present day 238Ul235U value are those given by Steiger and 
Jager [ 1977]. 
RESULTS 
The localities of the analysed samples are shown in 
Figure 1. The SHRIMP analytical results are presented in 
Table 1 and in Figure 3 as conventional concordia plots and 
cumulative probability plots of 207pbf206pb age. 
Supracrustal Rocks 
Sample 93-995 (27°18'S, 119°33'E) is a schistose meta-
rhyolite with quartz, plagioclase and amphibole as 
phenocrysts in a fine-grained quartz-feldspar groundmass. 
The foliation is defined by amphibole. This rock was 
collected from the base of the Unit III, the lowest of the 
felsic volcano-sedimentary units. The zircons are prismatic, 
pale pink in colour with euhedral zoning. Forty analyses 
were carried out on thirty-seven grains. Most lead loss 
(Figure 3a) is recent but some grains, with high U content 
and lower 207Pb/206Pb ages, show Proterozoic Pb loss. 
This could be related to the intrusion of the Proterozoic 
dykes into the greenstone belt. No old zircon cores were 
observed in this sample. The plot of the cumulative 
207Pbl2°6Pb ages shows a strong peak at ca. 2. 7 Ga and a 
few small peaks at younger ages (Figure 3b). An age of 
2702±6 Ma was calculated from the sixteen least disturbed 
analyses (Table 1). This is interpreted as the best estimate 
of the age for the sample. 
93-996 (27°18 'S, 119°33 'E) is a porphyritic meta-
rhyolite collected from Unit III, - 300 m northwest of 93-
995 (Figure 1 ). It contains K- feldspar and quartz 
phenocrysts in a microcrystalline quartz + feldspar 
groundmass. Zircons extracted from this sample are equant 
and prismatic, pale pink in colour with well developed 
euhedral zoning. Data were obtained for 22 sites from 20 
grains (Table 1). Only very recent lead loss is observed for 
the zircons (Figure 3c). The age of 2652±18 Ma is 
determined from the seven concordant analyses from the 
main group of zircons (18.1, 20.1, 6.1, 12.1, 16.1, 3.1 and 
11.1). Those data combined with ten other discordant ones, 
give an age of 2652±14 Ma. This is interpreted to be the 
crystallization age of the rock, and the 2722±14 Ma age, 
obtained from four analyses (4.1, 3.2, 9.1 and 7.1) is 
tentatively interpreted as dating the xenocrystic grains. If all 
analyses are included, regardless of the criteria mentioned 
above, an age of 2671±20 Ma is obtained. The cumulative 
207Pb!2°6Pb age plot (Figure 3d) shows a left skewed peak. 
Analysis 13.1 which has very high U, Th contents and 
large Pb/U uncertainties (Table 1), is not shown in the 
concordia plot of Figure 3c. 
93-998 (27°23'S, 119°34'E) is a foliated volcaniclastic 
rock from the base of Unit V, the uppermost felsic 
volcano-sedimentary unit. Most of the zircons are stubby 
prismatic, pale pink with fine scale zoning and somewhat 
rounded edges. Cathodoluminescence imaging indicates a 
complicated growth history for these grains. A total of 22 
analyses was performed on 12 grains (Table 1). A number 
of groups of ages can be distinguished on the concordia plot 
and the cumulative 207Pb/206pb age plot (Figures 3e and 
3f). These are 3134±20 (2.2, 11.1and2.1), 2965±21 (9.1, 
6.2, 8.1 and 7.2), 2852±21 (7.1, 10.1 and 5.4), 2728±48 
(2.3 and 4.4), 2643±16 (5.1, 5.3, 4.2, 5.2, 4.3, and 4.1) 
Ma. The oldest age of 3243 Ma was obtained for a zircon 
core (6.1). The youngest age of 2643±16 Ma, which is 
derived from six clear sites in two grains with no obvious 
evidence of prehistory, is believed to be the maximum age 
for the deposition of this rock, and the others the ages of 
older sedimentary zircons. Three other grains (3.1, 12.1, 
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Figure 3. Concordia and cumulative 207Pbf2°6Pb age plots of the analysed samples. Individual analyses are 
shown with 1 cr error bars. 
Table 1. SHRIMP U-Pb zircon data# 
SiteO u Th 2U4pb f206 207/206 Disc (ppm) (ppm) (ppb) !%}t 208pbJ206pb 206Pbt23su 201Pbt23su 207pb/206pb age (Ma)±lcr (%)+ 
93-995 
22.l* 225 123 12 0.21 0.1435±24 0.5040±154 13.15±0.43 0.1893±15 2736±13 -4 
34.1 247 88 53 1.00 0.0802±31 0.4419±139 11.46±0.39 0.1881±17 2726±15 -14 
33.l 219 181 33 0.64 0.1880±27 0.4830±160 12.50±0.43 0.1877±13 2722±12 -7 
1.1* 227 124 127 3.04 0.1481±32 0.3719±68 9.60±0.20 0.1872±14 2718±13 -25 
31.1 379 297 32 0.35 0.2145±16 0.5063±149 13.04±0.39 0.1868±8 2715±7 -3 
35.1 271 149 28 0.41 0.1304±21 0.5153±154 13.23±0.42 0.1863±13 2710±12 -1 
30.l 278 157 23 0.33 0.1499±18 0.5169±165 13.24±0.44 0.1858±11 2705±8 -1 
11.2 249 92 14 0.24 0.0988±16 0.4891±151 12.52±0.41 0.1857±14 2704±12 -5 
16.1 213 216 26 0.52 0.1025±23 0.4747±153 12.15±0.41 0.1856±12 2704±10 -7 
23.1 242 223 102 1.90 0.1648±36 0.4519±135 11.54±0.37 0.1852±17 2700±15 -11 
4.1* 216 252 37 1.08 0.1482±24 0.3229±59 8.23±0.17 0.1849±14 2698±13 -33 
11.l 334 129 14 0.17 0.0972±12 0.5053±103 12.88±0.27 0.1849±7 2696±6 -2 
21.l 346 127 41 0.48 0.1483±31 0.5031±188 12.81±0.51 0.1847±18 2695±16 -2 
21.2 4Ii . 244 103 1.01 0.1661±24 0.5145±153 13.10±0.41 0.1847±12 2695±11 -1 
15.1 273 169 35 0.50 0.1563±25 0.5220±166 13.28±0.44 0.1845±13 2694±11 1 
9.1 127 76 10 0.32 0.1581±19 0.5097±118 12.95±0.32 0.1843±13 2692±12 -1 
27.1* 353 902 191 '2.97 0.1600±40 0.3669±112 9.32±0.31 0.1842±18 2691±16 -25 
9.2 129 78 18 0.55 0.1568±28 0.5155±170 13.07±0.46 0.1838±15 2688±14 0 
32.1 144 97 21 0.59 0.1812±32 0.5215±162 13.19±0.43 0.1834±15 2684±13 1 
29.1 213 92 81 1.87 0.1196±38 0.4169±134 10.48±0.36 0.1824±18 2675±18 -16 
3.1* 559 164 26 0.20 0.0735±8 0.4846±83 12.14±0.22 0.1817±6 2668±5 -5 
17.l* 328 216 120 1.52 0.1356±31 0.4897±153 12.26±0.41 0.1816±16 2667±15 -4 
5.1* 348 284 38 0.50 0.1833±30 0.4595±154 11.46±0.42 0.1809±18 2661±16 -8 
37.l* 150 137 26 0.68 0.2350±40 0.5196±178 12.91±0.48 0.1802±18 2654±16 2 
7.1* 439 299 13 0.13 0.1840±22 0.4714±95 11.69±0.29 0.1798±22 2651±20 -6 
8.1* 392 178 88 1.20 0.1139±50 0.3869±119 9.46±0.31 0.1773±16 2628±15 -20 
2.1* 938 827 494 9.82 0.2916±54 0.1007±31 2.45±0.09 0.1765±36 2620±34 -76 
19.l* 450 285 220 2.15 0.1229±61 0.4624±135 11.25±0.35 0.1764±14 2620±13 -6 
24.1* 209 139 100 1.77 0.1498±46 0.5513±190 13.34±0.50 0.1755±21 2611±20 8 
36.l* 460 385 36 0.40 0.1850±19 0.4024±121 9.731±0.30 0.1754±10 2610±9 -17 
10.l* 377 135 56 0.71 0.0542±13 0.4312±114 10.35±0.28 0.1740±8 2597±8 -11 
26.1* 482 369 27 0.28 0.2019±18 0.4168±122 9.905±0.30 0.1724±9 2581±9 -13 
20.1* 268 188 159 2.31 0.0945±36 0.5204±163 12.36±0.42 0.1722±17 2579±16 5 
12.l* 638 279 41 0.31 0.1177±15 0.4314±147 10.02±0.37 0.1685±18 2543±18 -9 
14.1* 630 288 219 1.86 0.1181±26 0.3811±96 8.637±0.24 0.1644±16 2501±16 -17 
25.1* 857 828 90 0.63 0.2151±41 0.3452140 7.445±0.33 0.1565±19 2418±21 -21 
6.1* 795 494 58 0.40 0.1640±26 0.3807±115 8.125±0.27 0.1548±15 2399±17 -13 
18.1* 1418 1513 510 6.32 0.3143±52 0.1111±37 2.123±0.08 0.1386±21 2210±26 -69 
28.l* 896 1043 61 0.40 0.3323±21 0.3535±102 6.693±0.20 0.1373±7 2194±9 -11 
13.l* 3164 5477 315 6.86 0.4924±58 0.0282±134 0.414±0.02 0.1066±23 1742±40 -90 
93-996 
4.1* 273 1200 106 2.72 0.3125±91 0.2889±193 7.56±0.53 0.1898±28 2740±25 -40 
3.2 (c)* 177 191 1 0.02 0.1762±36 0.4843±134 12.58±0.38 0.1885±18 2729±16 -7 
9.1* 188 224 70 1.59 0.1162±48 0.4782±121 12.30±0.36 0.1865±22 2712±19 -7 
7.1* 192 712 36 1.00 0.1581±55 0.3845±132 9.86±0.38 0.1860±25 2708±22 -22 
18.l 184 262 19 0.47 0.1098±38 0.4647±154 11.80±0.43 0.1841±22 2690±20 -8 
1.1 305 2518 128 2.91 0.2235±66 0.2900±111 7.35±0.32 0.1838±30 2688±28 -39 
20.1 264 1182 92 2.38 0.2009±93 0.2990±165 7.54±0.45 0.1828±32 2678±29 -37 
12.2 249 824 91 1.97 0.1285±53 0.3791±115 9.52±0.34 0.1822±27 2673±25 -22 
2.1 426 4476 199 3.62 0.1629±91 0.2591±74 6.48±0.26 0.1814±44 2666±40 -44 
17.l 141 157 24 0.71 0.1467±44 0.4950±99 12.38±0.35 0.1814±32 2665±29 -3 
14.1 151 327 42 1.36 0.1055±61 0.4198±349 10.44±0.98 0.1804±61 2657±57 -15 
6.1 146 234 61 1.67 0.2621±83 0.5137±144 12.69±0.48 0.1792±40 2646±38 1 
12.1 173 105 17 0.39 0.1167±43 0.5129±148 12.66±0.40 0.1790±19 2644±18 1 
16.1 104 132 20 0.77 0.1278±53 0.5026±118 12.40±0.46 0.1789±46 2643±43 -1 
19.1 269 1152 122 2.82 0.1261±70 0.3253±72 8.01±0.24 0.1786±34 2640±32 -31 
8.1 192 211 29 0.75 0.1800±49 0.4169±216 10.26±0.65 0.1784±55 2638±52 -15 
3.1 (r) 106 77.9 11 0.44 0.1548±41 0.5047±158 12.38±0.44 0.1779±23 2633±21 0 
11.l 156 191 44 1.12 0.1501±49 0.5139±144 12.56±0.44 0.1772±32 2627±30 2 
5.1 309 1904 155 4.78 0.3893±84 0.2078±76 5.05±0.22 0.1762±35 2618±33 -53 
10.1 513 1956 132 2.05 0.2559±75 0.2546±101 6.11±0.28 0.1740±32 2596±31 -44 
13.1 * 1049 2596 468 2.36 0.0764±375 0.3852±368 8.96±1.28 0.1678±160 2544±169 -17 
15.1 * 469 2075 258 5.48 0.1538±95 0.1972±64 4.52±0.19 0.1661±38 2519±39 -54 
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Table l. (Continued) 
Siteo u Th Pb f206 207/206 Disc (ppm) (ppm) (ppb) (%2t 208pbf206pb 206pbf238u 201Pbt23su 207pb/206pb age (Ma)±lcr (%)+ 
93-998 
6.1 (c)* 245 768 222 7.89 0.6666±116 0.2198±35 7.86±0.22 0.2594±53 3243±33 -60 
2.2 (c)* 249 258 293 4.09 0.6452±232 0.5753±213 19.36±0.88 0.2441±55 3147±36 -7 
11.l(c)* 201 477 150 4.81 0.4802±72 0.3077±51 10.33±0.22 0.2436±28 3144±18 -45 
2.1 (c)* 149 186 96 2.14 0.6065±102 0.6150±123 20.29±0.53 0.2393±34 3115±23 -1 
9.1 (c)* 133 343 87 3.61 0.5285±79 0.3620±58 11.00±0.25 0.2205±31 2984±23 -33 
6.2 (r)* 324 976 252 6.45 0.6230±138 0.2349±50 7.11±0.24 0.2195±50 2977±37 -54 
8.1 (c)* 463 930 313 8.49 0.5466±83 0.1516±19 4.53±0.09 0.2165±32 2955±24 -69 
7.2 (c)* 343 952 299 5.97 0.4224±102 0.2867±47 8.46±0.23 0.2140±42 2936±32 -45 
7.1 (m)* 143 254 53 1.86 0.3089±48 0.4085±64 11.51±0.22 0.2043±20 2861±16 -23 
10.1* 142 213 98 3.33 0.3002±66 0.4147±93 11.59±0.31 0.2027±25 2848±20 -21 
5.4* 215 498 244 6.82 0.3691±114 0.3221±55 8.81±0.27 0.1984±48 2813±40 -36 
2.3 (r)* 955 396 237 0.96 0.2598±100 0.5352±78 14.23±0.36 0.1928±36 2766±31 0 
4.4 277 389 27 0.38 0.3656±75 0.5305±106 13.67±0.33 0.1869±21 2715±18 1 
5.1 143 497 149 6.36 0.3104±124 0.3195±65 8.19±0.30 0.1859±52 2706±47 -34 
5.3 • 200. 607 137 3.69 0.2784±106 0.3739±94 9.41±0.32 0.1826±37 2676±34 -23 
4.2 216 276 9 0.15 0.3225±40 0.5432±103 13.58±0.29 0.1813±14 2665±13 5 
5.2 125 258 108 4.95 0.2625±129 0.3456±74 8.55±0.33 0.1794±54 2647±51 -28 
4.3 172 223 13 0.32 0.3123±24 0.4736±73 11.62±0.20 0.-1780±10 2634±10 -5 
4.1 211 277 21 0.40 0.3098±65 0.5065±82 12.40±0.23 0.1776±13 2630±13 0 
3.1* 505 378 46 0.55 0.2489±37 0.3452±45 5.73±0.08 0.1204±6 1962±9 -3 
12.1* 76 83 13 1.88 0.3427±167 0.1826±53 1.88±0.17 0.0746±61 1058±173 2 
1.1 * 33 15 21 7.12 0.0563±35 0.1699±67 1.36±0.35 0.0578±144 1012±37'1 93 
93.994 
14.1 195 231 1 0.02 0.3279±34 0.4932±125 12.96±0.35 0.1906±13 2747±11 -6 
11.1 214 298 18 0.32 0.3761±117 0.5404±241 14.15±0.76 0.1899±47 2742±41 2 
21.1 178 190 20 0.44 0.2867±33 0.5155±144 13.46±0.40 0.1894±14 2737±12 -2 
9.1 379 696 22 0.24 0.5107±24 0.5045±120 13.14±0.33 0.1890±10 2733±9 -4 
20.1 135 144 17 0.49 0.3001±48 0.5166±153 13.44±0.44 0.1887±20 2731±18 -2 
10.1 215 213 21 0.38 0.2722±25 0.5211±133 13.51±0.37 0.1881±12 2726±11 -1 
5.1 107 106 12 0.42 0.2716±41 0.5511±158 14.25±0.44 0.1875±17 2720±15 4 
22.l 161 169 14 0.37 0.2961±28 0.4972±125 12.84±0.35 0.1873±13 2719±11 -4 
15.l 137 112 8 0.23 0.2218±28 0.5042±136 12.98±0.38 0.1867±15 2714±13 -3 
23.l 151 155 10 0.30 0.2854±41 0.4839±163 12.45±0.45 0.1866±20 2713±17 -6 
6.1 119 122 17 0.59 0.2737±156 0.5145±424 13.23±1.28 0.1865±77 2711±70 -1 
8.1 136 171 29 0.84 0.3553±60 0.5318±295 13.66±0.80 0.1862±23 2709±20 2 
17.1 238 107 23 0.38 0.1236±112 0.5284±308 13.55±0.99 0.1859±70 2706±64 1 
19.1 124 131 9 0.32 0.2878±35 0.4850±135 12.41±0.37 0.1856±14 2704±13 -6 
13.l 146 138 25 0.69 0.2541±50 0.5107±143 13.04±0.41 0.1852±22 2700±19 -2 
3.1 37 151 27 0.79 0.2966±64 0.5065±149 12.92±0.45 0.1850±29 2699±26 -2 
12.1 94 89 19 0.79 0.2519±91 0.5192±163 13.22±0.54 0.1847±40 2696±37 0 
2.1 205 207 38 0.80 0.2846±115 0.4816±252 12.17±1.01 0.1832±58 2682±54 -6 
7.1 72 71 34 1.80 0.2467±71 0.5189±149 13.07±0.46 0.1827±32 2678±29 1 
18.1* 272 160 8 0.14 0.1955±24 0.4412±123 11.01±0.32 0.1810±13 2662±12 11 
1.1 133 123 52 1.70 0.2340±217 0.4799±214 11.80±0.89 0.1784±99 2638±95 -4 
4.1* 847 352 456 2.70 0.4776±183 0.3971±508 9.54±1.24 0.1743±21 2600±20 17 
93-992 
6.2* 267 136 154 3.52 0.1929±63 0.3295±68 8.79±0.24 0.1934±30 2772±25 34 
13.1 * 365 242 208 2.92 0.2713±44 0.3947±83 10.48±0.26 0.1926±20 2764±17 -22 
4.1 360 330 82 0.90 0.2734±82 0.5213±143 13.72±0.48 0.1909±34 2750±30 -2 
16.2* 375 115 127 1.50 0.1111±37 0.4631±112 12.17±0.32 0.1906±14 2747±12 -11 
11.1 * 371 317 148 1.62 0.2840±33 0.5048±122 13.23±0.35 0.1901±15 2743±13 -4 
10.1 268 120 55 0.84 0.1433±31 0.5064±109 13.12±0.32 0.1879±17 2724±15 -3 
16.1 * 318 100 191 2.46 0.1057±41 0.4969±127 12.79±0.36 0.1866±18 2712±16 -4 
4.2 521 520 19 0.15 0.2819±20 0.5035±100 12.91±0.27 0.1859±10 2707±9 -3 
15.l 225 171 4 0.07 0.2076±25 0.5483±134 14.03±0.37 0.1856±12 2704±11 4 
6.1 220 115 5 0.08 0.1317±36 0.5482±129 14.03±0.38 0.1856±19 2704±17 4 
1.1 197 105 26 0.52 0.1466±33 0.5374±127 13.72±0.36 0.1852±16 2700±15 3 
5.2 238 104 24 0.42 0.1300±26 0.5046±124 12.89±0.34 0.1852±14 2700±12 -2 
18.2 248 124 17 0.27 0.1382±20 0.5123±101 13.07±0.28 0.1850±11 2698±10 -1 
15.2 205 152 6 0.11 0.2108±27 0.5280±143 13.45±0.39 0.1847±13 2696±11 1 
17.1 * 156 122 51 1.49 0.1646±115 0.4545±451 11.56±1.28 0.1844±69 2693±63 -10 
2.2 255 224 20 0.33 0.2368±34 0.5074±106 12.87±0.32 0.1839±19 2689±17 -2 
Table l. (Continued) 
Siteo u Th Pb fz06 207/206 Disc (ppm) (ppm) (ppb) (%2t 208pb/206pb 206Pbt23su 201Pbt235u 207pb/206pb age (Ma)±lcr (%)+ 
93-992 
5.1 259 106 26 0.40 0.1104±28 0.5244±121 13.24±0.34 0.1832±15 2679±13 1 
2.1 157 143 17 0.44 0.2409±41 0.5168±134 13.04±0.38 0.1829±20 2676±12 0 
18.l 260 129 20 0.31 0.1343±27 0.5115±128 12.90±0.35 0.1829±14 2662±21 -1 
8.1* 464 435 117 1.35 0.2682±30 0.3863±116 9.72±0.31 0.1825±14 2636±9 -21 
5.3* 252 106 75 1.36 0.1348±51 0.4506±114 11.24±0.33 0.1810±23 2629±10 -10 
7.1* 522 491 97 0.76 0.2440±28 0.5021±104 12.33±0.27 0.1781±10 2612±28 -1 
14.1 * 476 349 124 1.18 0.2115±24 0.4546±99 11.12±0.26 0.1775±11 2579±10 -8 
3.1* 397 274 52 0.65 0.1891±31 0.4219±247 10.21±0.64 0.1756±29 2550±10 -13 
12.l * 456 324 101 0.95 0.2849±25 0.4789±116 11.37±0.29 0.1722±11 2531±14 -2 
9.1* 753 630 72 0.45 0.2286±19 0.4362±95 10.18±0.24 0.1692±10 2682±14 -8 
4.3* 510 439 73 0.82 0.2345±27 0.3589±71 8.28±0.19 0.1673±14 2680±18 -22 
93-993 
17.l(c)* 247 162 954 9.66 0.3001±139 0.7523±190 35.46±1.18 0.3419±64 3671±29 -2 
6.1 (c)* 2214 . 210 1044 13.6 0.3726±72 0.5671±106 19.97±0.54 0.2554±45 3219±28 -10 
4.1 (c)* 52 45 13 0.84 0.2152±115 0.5906±153 19.39±0.86 0.2381±78 3107±53 -4 
5.1 (c)* 123 137 80 2.43 0.3341±68 0.5407±135 17.41±0.51 0.2335±30 3076±20 -9 
16.l(m)* 238 349 1836 20.3 0.4772±434 0.6307±201 18.28±1.53 0.21,_03±155 2908±124 8 
12.l(m)* 478 172 5837 41.8 0.8097±151 0.3536±158 9.48±0.52 0.1945±53 2780±45 -30 
18.l * 725 623 3836 39.8 1.0892±736 0.1669±93 4.47±0.62 0.1943±236 2779±214 -64 
21.1 147 136 429 11.0 0.2477±166 0.4918±99 12.69±0.50 0.1871±59 2717±53 -5 
4.2 (r)* 296 209 5484 45.3 1.0143±933 0.4652±310 12.00±2.18 0.1871±300 2717±292 -9 
9.1 * 124 150 151 8.85 0.4914±144 0.2607±61 6.71±0.27 0.1868±59 2714±52 -45 
11.l 253 195 65 1.10 0.2181±32 0.4866±91 12.03±0.25 0.1793±14 2646±13 -3 
13.l 333 232 5688 42.7 0.9062±186 0.4772±88 11.78±0.50 0.1790±65 2644±62 -5 
19.l 329 136 3011 32.7 0.5532±128 0.3924±103 9.68±0.60 0.1789±94 2643±90 -19 
8.1 178 160 298 7.18 0.3306±82 0.4511±90 11.11±0.32 0.1787±33 2641±32 -9 
2.2 54 59 IO 0.78 0.2933±91 0.5114±120 12.59±0.42 0.1786±38 2640±36 l 
7.1 176 214 18 0.42 0.3352±35 0.5115±102 12.56±0.28 0.1781±14 2635±14 1 
2.1 68 59 53 3.02 0.2663±141 0.5219±110 12.81±0.53 0.1781±59 2635±56 3 
14.1 266 394 1207 18.2 0.6469±245 0.4250±96 10.37±0.61 0.1769±91 2624±88 -13 
11.2 171 113 143 4.28 0.2569±61 0.3900±81 9.50±0.26 0.1767±26 2622±24 -19 
7.2 199 245 55 1.21 0.3452±74 0.4691±112 11.41±0.38 0.1764±35 2620±34 -5 
IO.I 733 2693 18005 53.4 1.4195±438 0.4461±276 10.73±1.12 0.1745±134 2602±134 -9 
15.1 216 434 7 0.12 0.5399±288 0.5275±339 12.36±1.05 0.1700±81 2557±82 7 
20.1* 301 162 311 4.85 0.1944±43 0.4210±79 9.79±0.22 0.1687±18 2545±18 -11 
3.1* 201 31 1590 49.2 0.9578±941 0.1697±134 3.46±0.82 0.1481±317 2324±422 -57 
1.1* 690 66 1865 21.5 0.2604±824 0.2059±120 4.17±0.96 0.1469±315 2310±424 -48 
93-1000 
5.2* 293 424 627 12.6 0.7483±120 0.3082±50 10.22±0.32 0.2405±62 3124±41 -45 
5.1* 271 465 343 5.63 0.6032±86 0.4412±57 12.79±0.28 0.2103±34 2908±26 -19 
20.l* 103 125 30 1.34 0.3799±74 0.4399±219 11.70±0.64 0.1929±34 2767±29 -15 
18.2 268 196 9 0.14 0.2042±20 0.4811±110 12.32±0.30 0.1857±13 2705±12 -6 
15.1 108 144 9 0.34 0.3471±51 0.4912±125 12.56±0.37 0.1855±22 2702±20 -5 
4.1 143 141 3 0.08 0.2728±55 0.561 l±I03 14.34±0.33 0.1854±21 2702±19 6 
1.1 324 269 21 0.30 0.2416±27 0.4576±52 11.62±0.16 0.1842±12 2691±10 -10 
9.1 234 400 3 0.05 0.4557±45 0.5225±79 13.24±0.23 0.1838±12 2687±11 l 
3.1 189 301 8 0.18 0.4561±47 0.5083±94 12.87±0.28 0.1837±16 2687±15 -1 
13.l 168 198 7 0.19 0.3237±50 0.4758±122 12.05±0.34 0.1837±18 2686±16 -7 
10.l 225 194 3 0.05 0.2271±27 0.5238±115 13.24±0.32 0.1834±15 2684±14 l 
7.2 234 646 17 0.28 0.7298±86 0.5349±85 13.51±0.32 0.1832±20 2682±18 3 
8.1 * 215 278 236 8.03 0.5581±120 0.2622±38 6.61±0.22 0.1827±50 2678±46 -44 
6.1 * 332 418 100 1.65 0.3819±54 0.3713±55 9.35±0.19 0.1826±23 2677±21 -24 
18.l 124 206 2 0.07 0.4464±80 0.4837±186 12.17±0.52 0.1825±26 2675±23 -5 
20.2 125 158 5 0.18 0.3465±68 0.4569±144 11.49±0.42 0.1823±28 2674±26 -9 
17.1 * 145 278 19 0.61 0.5640±62 0.4372±84 10.97±0.26 0.1820±22 2671±20 -13 
11.1 209 171 33 0.66 0.2332±41 0.4866±94 12.19±0.28 0.1817±19 2668±17 -4 
14.l 244 210 20 0.34 0.2304±32 0.4936±107 12.34±0.30 0.1814±15 2666±14 -3 
16.l * 202 202 56 1.95 0.3114±84 0.2875±167 7.18±0.46 0.1813±39 2665±32 -39 
7.1 * 211 663 16 0.28 0.8229±121 0.5482±84 13.63±0.24 0.1803±12 2655±11 6 
21.1 201 223 10 0.21 0.2969±39 0.4897±89 12.15±0.26 0.1800±18 2653±17 -3 
19.1 102 124 13 0.59 0.3141±50 0.4645±104 11.47±0.32 0.1790±24 2644±23 -7 
12.1 * 214 163 146 3.24 0.2232±77 0.4241±90 10.44±0.31 0.1786±34 2640±31 -14 
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Table 1. (Continued) 
Site0 u Th Pb f206 207/206 Disc (ppm) (ppm) (ppb) (%lt 208pb/206pb 206pbJ23Su 201Pbt23su 207pbf206pb age (Ma)±l cr (%)+ 
93-1000 
2.1 296 845 23 0.34 0.7751±43 0.4771±82 11.64±0.22 0.1769±11 2625±11 -4 
15.2* 421 542 245 4.18 0.4283±180 0.2779±133 5.94±0.40 0.1551±66 2403±74 -34 
11.2* 634 630 57 0.67 0.2574±267 0.2774±51 4.77±0.13 0.1246±23 2023±34 22 
# Analyses are listed in order of decreasing 207pbJ206Pb. All ratios involving Pb refer to radiogenic Pb. Quoted uncertainties (1 cr) are 
the standard error of the mean and refer to the last digits. 0 Sites with asterisks were rejected from the mean. For those sites in the 
grains with old cores, c, rand m denote core, rim and mixture respectively. t f206 (%)denotes percent of common 206pb in the total 
measured 206Pb. +Disc(%) is discordance (206pb/238u agef207pb/235u age-I). 'J 206Pb/238U age. 
1.1 ), with Proterozoic ages, were probably reset at that 
time. These grains are clear and structureless, being distinct 
from the main zircon population. 
Granitoids 
Sample 93-994 (27°23'S, 119°32'E) is a medium-sized 
recrystallized adamellite (Figure 1). This pluton (Montague 
Pluton) does not crop out, but coincides with an elliptical 
magnetic anomaly, which is clearly visible on airborne 
magnetic images. It is believed that this intrusion was 
strongly affected by regional deformation because of its 
elliptical shape and its sheared contacts with the adjacent 
greenstones [Beeson et al., 1993], the field evidence 
indicating that this pluton is pre- or syn-kinematic. The 
rock sample, collected from drill core, is moderately altered, 
with biotite altered to chlorite, and feldspar to clay minerals 
and sericite. The majority of the zircons in this sample are 
equant and stubby prismatic, pink in colour, euhedral and 
show oscillatory zoning. The age of 2722±7 Ma obtained 
from 20 concordant sites out from 23 analyses, is 
interpreted as dating the crystallization age of the rock. 
Discordant analyses 7.1 and 4.1 were rejected (Table 1 and 
Figure 3g). A strong peak at ca. 2720 Ma can be seen in 
the cumulative 207Pb/206pb age plot, showing a basically 
single population of zircon in this sample (Figure 3h) . 
Sample 93-992 (27°32'S, 119°31 'E) is a medium to 
coarse-grained adamellite that intrudes the greenstone 
sequence at the southern end of the greenstone belt 
(Figure 1). It is close to the regional fold axial trace , has 
an elliptical shape and is foliated near its intrusive contacts 
with neighbouring greenstones. Beeson et al. [ 1993] 
suggested that it was emplaced either prior to or 
synchronously with regional deformation. The analysed 
sample is strongly recrystallized and slightly altered. 
Zircons in the rock are prismatic, pale brown to pink in 
colour and strongly zoned. Twenty-seven analyses were 
carried out on 18 grains. An age of 2699±7 Ma was 
obtained from the 13 least disturbed sites (Table 1), and this 
is interpreted as the best estimate of the crystallization age 
of the sample. The discordant data show evidence of 
multistage Pb loss of the zircons (Figure 3i). This is 
shown in Figure 3j as a few peaks at ages younger than the 
main zircon population. 
Sample 93-993 (27°26'S, ll9°36'E) is a fine-grained 
recrystallized granite collected from the eastern side of the 
greenstone belt (Figure 1 ). It is almost aplitic and is 
slightly altered. Zircons separated from this sample are 
prismatic, transparent to pale pink and have well developed 
zoning. A few have xenocrystic cores. One of these cores 
( 17 .1) was dated at ca. 3670 Ma, and four others at ca. 
3.0 Ga (6.1, 4.1 and 5.1 and 16.1; Figure 3k). Although 
analyses were performed on selected relatively clear sites, 
many of them still have a high common Pb content 
(Table 1). However, the 10 concordant and 3 near 
concordant sites have 207 Pbt206 Pb ages that are 
indistinguishable within error, and give a weighted mean 
age of 2638±10 Ma (Table 1 and Figure 3k). This age is 
unlikely to be strongly biased by early Pb loss, and by the 
choice of common Pb composition. As a result, we 
interpret it as a minimum crystallization age of this 
granite. The 207Pb/206pb age spectrum shows three peaks 
older than ca. 3.0 Ga, and a small peak younger than the 
crystallization age, which are dated for the disturbed 
members of the main population (Figure 31). 
Sample 93-1000 (27°08'S, 119°16'E) is a foliated 
recrystallized biotite granite from the western side of the 
Gum Creek greenstone belt (Figure 1). The zircons are 
stubby to elongated, pink in colour, and zoned. Of the 27 
analyses, 18 concordant sites give an age of 2682±8 Ma. 
The main zircon population forms the dominant peak 
shown in the cumulative 207Pbt2°6Pb age plot (Figure 3n). 
We interpret the 2682±8 Ma age as the crystallization age 
of the rock. An inherited grain from this sample gives ages 
of 3124±41 Ma (lcr) and 2908±26 Ma (lcr) for two 
different analysed sites (Table 1 and Figure 3n). Few 
younger ages were obtained from isotopically disturbed 
members of the main zircon population. They are shown in 
Figure 3n as two small peaks to the left of the dominant 
age peak. 
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DISCUSSION 
Age of the Gum Creek Greenstone Belt and its 
Stratigraphic Position 
Previous geochronological studies of the Southern Cross 
Province are confined to its central and southern parts, 
where two greenstone sequences have been recognised 
[Griffin, 1990; Figure 2a]. In these areas the lower 
greenstone sequence, which dominates the southern part of 
the province, consists of a quartzite layer at the bottom, 
overlain by mafic and ultramafic rocks, with felsic volcano-
sedimentary rocks at the top. Griffin [1990] referred to the 
quartzite as "basal quartzite", although no basement to it 
has been documented. Houde et al. [1983] reported ca. 3.3 
to ca. 3.7 Ga SHRIMP U-Pb zircon ages for detrital zircons 
from this quartzite. 
Nelson [1995] and Savage et al. [1996] obtained 
SHRIMP U-Pb in zircon ages of 2958±4 Ma and ca. 
2.99 Ga for supracrustal rocks from the Ravensthorpe and 
West River greenstone belt at the southern end of the 
province. Further north, the felsic to intermediate volcanic 
rocks in the Lake Johnston greenstone belt have given 
SHRIMP U-Pb zircon ages of 2921±4 Ma and 2903±5 Ma 
[Wang et al., 1996b]. These data show that the age of the 
lower greenstone sequence is between ca. 2.9 and ca. 3.0 
Ga. The upper greenstone sequence is a felsic volcano-
sedimentary succession of calc-alkaline affinity [Hallberg et 
al., 1976]. It unconformably overlies the lower sequence 
and is best developed in the Diemals and Marda areas 
[Hallberg et al., 1976; Chapman et al., 1981] in the centre 
of the province to the north of Southern Cross. The most 
reliable ages for the upper sequence in the Diemals-Marda 
greenstone belt are the conventional U-Pb zircon ages of 
2722±13 Ma by Pidgeon [1986] and 2735±2 Ma by 
Pidgeon and Wilde [1990]. 
There have been two estimates of the age of the Gum 
Creek greenstone belt. Myers [1990] suggested that it is ca. 
2750 to ca. 2600 Ma old, and forms part of his Barlee 
Terrain. On the basis of stratigraphic correlations, Beeson 
et al. [1993] argued that the age of the greenstone 
successions is between ca. 2.9 and ca. 3.0 Ga, thus 
correlating them with the lower greenstone sequence of the 
Southern Cross Province, and with the Luke Creek Group 
in the adjacent Murchison Province, which has been dated 
between ca. 2.9 and ca. 3.0 Ga, e.g. the data summarised by 
Watkins and Hickman [1990], Pidgeon and Wilde [1990], 
and Wang et al. [1997). 
The data obtained from this study are similar to the 
published ages for the upper greenstone sequence elsewhere 
in the Southern Cross Province and the newly obtained 
2727±6 and 2702±10 Ma ages for the Mount Farmer 
Group in the Murchison [Schi0tte and Campbell, 1996], 
indicating a possible correlation between them. This study 
shows that at least the upper greenstone units (Unit III to 
V) in the Gum Creek greenstone belt are -2.7 Ga old. 
These units may unconformably overly Unit I and II. If so, 
it is possible that the lower mafic and BIF dominated 
sequences of Unit I and II represent a sequence similar in 
age to the ca. 2.9 to ca. 3.0 Ga lower greenstone sequences 
underlying Diemals-Marda complex. Such an interpretation 
is consistent with the geological make-up of Unit I and II 
(compare Figure 2a and 2b), and would suggest that the 
geological setting of Gum Creek is similar to the Diemals 
area. Unfortunately, no material suitable for dating could be 
collected from Unit I and II during the course of this study 
and, as a consequence, no age has been obtained for these 
units. 
Implications from the Xenocrystic Zircon Ages 
Xenocrystic zircons were found in a number of granitoid 
samples during routine analyses. The oldest age of 
3671±29 Ma (10') is far old_er than the ca. 3.0 Ga proposed 
age of the lower greenstone sequence in each of the three 
granite-greenstone provinces that make up the Yilgarn 
Craton. Because the xenocrysts were found in granites, they 
are unlikely to be detrital zircons, and thus give evidence 
for the existing of old sialic basement beneath the Gum : 
Creek greenstone belt. Detrital zircons up to 3242±33 Ma 
(1 O') were also found in a pyroclastic volcanic rock (93-
998). Detrital zircons, older than ca. 3.0 Ga, have also been 
dated from within the Southern Cross Province. As 
previously mentioned, Froude et al. [1983] found two 
dominant populations of detrital zircons, with ages between 
ca. 3.7 and ca. 3.6 Ga, and ca. 3.4 and ca. 3.3 Ga 
respectively, in a quartzite from the Maynard Hill 
greenstone belt, about 80 km southeast of Sandstone. 
These observations support the conclusion that there was 
old sialic crust in the region. 
Xenocrystic zircon ages, older than ca. 3.0 Ga, have also 
been obtained in both the Eastern Goldfields and Murchison 
Provinces [e.g. Claoue-Long et al., 1988; Compston et al., 
1986; Hill et al., 1989; Wang and Campbell, unpublished 
data]. Claoue-Long et al. [1988) reported ca. 3.1 - 3.2 Ga 
xenocrysts from a chert layer in the Kapai Slate at 
Kambalda. Xenocrystic zircon with ages between ca. 3.2 
and ca. 3.45 Ga were found in basalts from the same region 
[Compston et al., 1986). At Norseman, ca. 3.1 - 3.2 Ga 
xenocrysts were found in a granite by Hill et al. [1989). 
These authors interpreted their observations as providing 
evidence of old continental crust beneath the southeastern 
Yilgarn Craton. Furthermore, ca. 3.1 to ca. 3.5 Ga ages 
were dated for xenocrystic zircons in the Abbotts and Weld 
Range greenstone belts in the Murchison Province [Wang 
and Campbell, unpublished data]. Those data and the results 
presented in this study suggest that the old crust was very 
extensive and that it underlay most of the Yilgarn Craton. 
Timing of Granitoids Emplacement and their Derivation 
The 2638 to 2721 Ma ages determined for the four 
granitoids in the Gum Creek greenstone belt are, within 
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analytical uncertainty, similar to the 2685 to 2737 Ma 
Pb-Pb whole rock isochron ages obtained from the 
granitoids near Diemals [Bickle et al., 1983]. In the Eastern 
Goldfields Province, the ages dated for the granitoid 
intrusions lie between ca. 2.7 and ca. 2.6 Ga [e.g. Hill et 
al., 1989, 1992; Hill and Campbell, 1993] with no 
granitoids older than ca. 2. 7 Ga. However, some small to 
medium sized granitic plutons with ages between ca. 2. 7 to 
ca. 2.75 Ga have been found in both the Southern Cross 
and Murchison Provinces [Bickle et al., 1983; Wang et al., 
1996a; Schi0tte and Campbell, 1996] and this provides a 
significant difference between these two provinces and the 
Eastern Goldfields. We suggest that the granitoids in the 
Gum Creek greenstone belt and elsewhere in the Southern 
Cross Province were derived from partial melting of older 
sialic basement that' u'nderlay the greenstones [e.g. Overs by, 
1975, 1978; Campbell and Hill, 1988] at - 2.7 Ga. 
CONCLUSIONS 
The felsic upper greenstone sequence (Unit III to V) of 
the Gum Creek greenstone belt has an age of ca. 2.7 Ga, 
not ca. 2.9 to ca. 3.0 Ga as previously thought. However, 
the lithological similarity between the mafic and BIF-
dominated Unit I and II of the lower Gum Creek greenstone 
sequence and the lower greenstone sequence observed 
elsewhere in the Southern Cross Province, implies that 
they may have similar ages of ca. 2.9 to ca. 3.0 Ga. If this 
is the case, an unconformity must exist between the Unit II 
and Unit III at Gum Creek. 
As in the Murchison Province, most external granitoids 
that enclose the greenstone belt in the area, are younger 
than ca. 2.7 Ga, but some smaller, discrete internal 
granitoids have been emplaced prior to ca. 2. 7 Ga. The 
xenocrystic zircon ages indicate the existence of old sialic 
basement beneath the greenstone belt, and partial melting 
from this pre-existing continental crust is inferred to be the 
source of the granitoid intrusions. 
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